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APPENDIX  I 
PHYSICAL  FACTORS 
DESCRIPTION  OF  THE  AREA 


The  Brazos  River  Watershed  in  Texas  extends  from  eastern  New 
Mexico,  near  Clovis,  in  a southeasterly  direction  diagonally  across 
the  State  of  Texas  to  the  Gulf  of  Mexico®  The  watershed  has  an 
overall  length  of  S40  miles  and  a maximum  width  of  about  ISO  miles® 
The  total  area  is  44,670  square  miles,  of  Yfoich  41,997  square  miles 
are  in  Texas® 

The  principal  tributaries  entering  the  Brazos  below  its  source 
at  the  junction  of  the  Double  Mountain  Fork  and  Salt  Fork  are  the 
Clear  Fork,  Bosque  River,  Little  River,  Yegua  Creek  and  the  Navasota 
River®  All  tributary  drainage  systems  except  the  two  first  named  are 
dentritic  rather  than  long  and  narrow®  This  characteristic  tends 
to  produce  synchronization  of  flood  flows  and  consequent  concentra- 
tion of  flood  waters  on  the  main  streams  of  the  tributaries® 

In  general  the  watershed  consists  of  a series  of  plains  stepped 
down  from  the  4,500  foot  elevation  of  the  western  High  Plains  pla- 
teau to  sea  level  at  the  mouth®  These  plains  occur  as  belts  across 
the  watershed  and  contribute  to  the  separation  of  the  watershed  into 
smaller  units  for  survey  purposes® 

CONSERVATION  PROBLEM  AREAS 

The  watershed  was  divided  into  11  conservation  problem  areas  to 
facilitate  hydrologic  and  economic  investigation  (figure  1)®  Each 
conservation  problem  area  is  an  association  of  soil,  slope,  erosion 
and  other  conditions  which  is  characterized  by  essentially  uniform 
rates  of  runoff,  sedimentation,  and  deterioration  of  soil  resources 
under  similar  cover  and  treatment®  Each  conservation  problem  area 
is  readily  recognizable®  In  the  field  the  names  of  each  are  used 
locally  by  technicians  in  agricultural  work®  A brief  description 
of  these  areas  follows: 

High  Plains : This  is  a prairie  plateau  at  the  extreme  northwestern 

end  of  the  watershed  which  occupies  nearly  17  percent  of  the  water- 
shed area  (table  1)®  About  2,673  square  miles  is  in  New  Mexico 
and  8,950  square  miles  does  not  contribute  directly  to  flood  flow® 

The  surface  is  usually  smooth  and  level,  and  stream  dissection  is 
slight®  The  major  waterways  occupy  shallow,  smooth-sloped  drainage 
trenches  and  are  dry  most  of  the  year®  Most  of  the  rainfall  which 
does  not  sink  into  the  soil  where  it  falls  drains  into  the  shallow 
basins  or  depression  ponds  which  dot  the  surface  of  the  plateau.  On 
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CONSERVATION  PROBLEM  AREAS 
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the  east,  the  plateau  is  bordered  by  a rough  and  well-defined  es- 
carpment reaching  down  to  the  Bolling  Bed  Plains  0 

The  soils  are  deeply  developed  and  have  relatively  rapid  in- 
filtration rates o The  northern  portions  of  the  plateau  are  occupied 
by  dark;,  heavy  soils,  while  the  southern  and  central  portions  are  of 
lighter  textured,  sandy  reddish  soils  which  are  subject  to  wind 
erosion o Most  of  the  escarpment  and  sandy  areas  are  retained  in 
native  grasses  for  pasture,  while  the  remaining  area  is  cropped. 0 
The  installation  of  irrigation  facilities  is  rapidly  increasing  when- 
ever shallow  water  supplies  are  available  and  the  remaining  area  is 
dry  farmed*  The  major  crops  are  wheat,  cotton,  and  grain  sorghums, 
Lubbock,  with  a population  of  52,000,  is  the  largest  town 0 

Flood  damages  within  the  area  are  negligible  and  usually  caused 
by  excessive  rainfall  over  small  areas  rather  than  by  the  concentra- 
tion of  runoff  waters  in  river s0 

Rolling  Bed  Plains  i Below  the  High  plains  nCap  Rock”  is  a rolling, 
rough,  mixed  ranch  and  farm  area*  This  plain  extends  to  the  Edwards 
Plateau  outlier  south  of  Seymour  and  occupies  20  percent  of  the  Brazos 
River  Watershed  in  Texas « Although  the  Salt  Fork  and  the  Double 
Mountain  Fork  of  the  Brazos  have  their  upper  watersheds  in  the  High 
Plains,  nearly  all  of  the  runoff  waters  in  these  tyro  rivers  are  from 
the  Rolling  Plains*  These  two  forks  join  to  form  the  Brazos  River 
near  the  center  of  the  Rolling  Red  Plains  area  0 The  Clear  Fork  of 
the  Brazos  drains  the  southern  portion  of  the  area* 

The  area  is  a broad  plain  of  sandstone  and  shale  outcrop  in  a 
sub-humid  climate 0 Soils  are  predominantly  red  in  color  and  are  under- 
lain  by  beds  of  caliche  (carbonate  accumulation) . The  soils  are 
moderately  fine  textured  at  the  surface  and  are  best  suited  to  small 
grains  and  grain  sorghums „ Fields  are  subject  to  severe  wind  and 
water  erosion  under  the  usual  dry  farming  methods  employed* 

The  rougher  breaks,  escarpment  areas,  and  sand  hills  are  covered 
with  a moderately  vigorous  growth  of  short  and  mid-grasses  and  are 
heavily  invaded  by  mesquite.  Excessive  use  of  the  range  grasses  and 
deterioration  of  the  cover  is  typical  of  a high  percentage  of  the 
area* 


Streams  are  narrow  and  rapidly  eroding  at  the  heads  and  are 
incising  their  channels  to  their  junctions  with  the  main  streams 0 
The  main  streams  have  wide  alluvial  valleys  with  trenched  and  meander- 
ing dry  stream  channels  which  are  choked  with  sand 0 Often  sand  dunes 
paralleling  the  channel  characterize  the  valley*  The  sides  of  the 
valley  in  most  places  are  rough  and  broken  cliffs  or  escarpments  of 
Eedbeds  which  are  undercut  by  meanders  of  the  channel.  Only 
a small  percentage  of  the  valley  is  covered  by  the  usual 


. 
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high  water  during  seasonal  rains  and  much  of  the  valley  is  above 
the  level  cf  known  floods. 

About  38  percent  of  the  land  is  used  primarily  as  range  for 
cattle  and  sheep  (Rangeland,  table  2),  This  area  is  not  much  rougher 
than  the  cultivated  area  but  is  either  in  large  ranch  holdings  or 
is  dissected  by  the  numerous  dry  streams.  Another  10  percent  of  the 
Rolling  Plains  area  is  intermingled  with  this  range  country  and  is 
known  as  "breaks11  or  "bad  lands fl,  These  are  roughs  gullied,  deeply 
dissected  strips  along  streams,  the  watersheds  of  small  tributaries 
or  escarpment  areas  which  are  used  for  grazing 0 The  very  sparse  cover 
of  grasses  and  weeds,  with  some  mesquite  and  juniper,  appears  un- 
suited to  any  grazing  but  lightly-stocked  areas  produce  some  income. 
Erosion  is  very  rapid  and  runoff  from  the  hard-baked  surface  soil 
is  excessive. 

About  one-fourth  of  the  area  is  predominantly  arable  rolling 
farmland  with  moderately  deep  red  clay  loam  or  sandy  loam  soils  while 
one-fifth  is  occupied  by  dark  smooth  deeply  developed  soils  used  for 
cultivation.  Slopes  are  usually  gentle  but  often  approach  the  limits 
of  safe  cultivation  in  the  sandy  soils  and  a rather  high  percentage 
should  be  retired  from  crop  production. 

The  remaining  eight  percent  is  called  "shinnery"  or  "shinnery 
sand’h  These  long  narrow  belts  of  unconsolidated  and  loose  sandy 
soils  parallel  the  rivers  and  are  usually  used  for  pasture  except 
near  the  transition  into  heavier  soils  where  cultivation  is  pro- 
fitable, A sparse  cover  of  tall  native  grasses  and  a heavy  cover  of 
shin-oak  brush  furnishes  forage  for  beef  cattle  during  part  of  the 
year.  These  sand  hills  produce  no  appreciable  runoff  during  flood 
producing  storms  but  are  susceptible  to  severe  damage  from  blowing 
when  cropped  or  overgrazed, 

Abilene  (population  27,000)  and  Sweetwater  (population  10,000) 
are  the  large  towns  in  this  area, 

Edwar  d s Plat eau : This  narrow  outlier  cuts  across  the  watershed  from 
Abilene  to  Seymour  and  both  the  Clear  Fork  and  the  Brazos  River  have 
incised  deep  valleys  through  it.  Typically  the  plateau  is  bordered 
by  a rough  escarpment  reaching  down  to  the  Rolling  Plains  to  the 
north  and  west  and  to  the  Reddish  Prairie  on  the  east.  The  edge  of 
the  main  Edwards  Plateau  lies  at  the  south  watershed  boundary  to 
the  west  of  Abilene  vrith  some  outliers  or  tongues  from  the  plateau 
reaching  into  the  watershed. 

The  area  occupies  less  than  four  percent  of  the  watershed  and 
is  a smoothly  rolling  mesquite  savannah  similar  to  the  Grand  Prairie, 
Soils  are  shallow  over  limestone  parent  materials  but  absorb  rainfall 
rapidly  and  support  a good  cover  of  short  and  mid -grasses  and  mesquite 
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Subproblesm  Area  names  do  not  refer  to  actual  land  us©  but  are  descriptive  terms  used  for  identification 
Post=0ak  and  Blackjack  Oak  Savannah* 

Grassland  which  has  been  invaded  by  Llveoakj,  Cedar  and  associated  trees  and  shrubs® 
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trees o Dissection  is  well  advanced  but  the  underlying  rocks  limit 
the  speed  of  stream  cutting o Yery  little  of  the  plateau  lying  in 
the  Brazos  River  Watershed  is  cultivated  and  the  present  rate  of 
soil  losses  is  very  small  although  spectacular  ravines  and  stream 
channel  cutting  are  apparent 0 

Reddish  Prairie:  The  Reddish  Prairie  occupies  about  nine  percent  of 

■bhe  wa  ter  she <T  a r ea  in  the  central  sectiono  It  is  underlain  by  lime- 
stones 9 sandstones  and  shales  of  Pennsylvanian  Ag©o  Exposure  of 
these  rocks  has  resulted  in  a series  of  discontinuous  ridges 8 valleys , 
mesas s hills  and  rough  areas o The  topography  is  mostly  unsuited  to 
crop  production  and  the  soils  developed  are  somewhat  lacking  in 
fertilityo  A rather  spars©  cover  of  mid-  and  tail-grasses  with  a 
heavy  growth  of  oak  and  juniper  is  characteristic  of  the  steep  slopes 
while  the  smoother  shale  valleys  are  occupied  by  short  grasses  and 
mesquite  brush®  Some  large  areas  near  the  divide  on  the  northern 
edges  of  the  watershed  are  occupied  by  dark*,  heavy 9 intractable  clays 
suited  to  wheat  and  cotton  production® 

Since  the  soils  are  not  highly  productive  most  of  the  area  is 
used  for  grazing  of  cattle 3 sheep  and  goats®  The  rough  ridges  covered 
with  cedar  and  oak  occupy  about  1+8  percent  of  the  area  (table  2) 
while  the  mesquite  pastures  includs  about  2l+  percent®  Land  suited  to 
crop  production  as  well  as  grazing  occupies  about  28  percent  of  the 
Reddish  Prairie®  Oil  production p use  of  local  clays  for  ceramic 
products  8 coal  and  other  mineral  exploitation  occupy  an  important 
place  in  the  economy  of  this  conservation  problem  area0 

Cross  Timbers^  The  Cross  Timbers  is  a wooded  belt  extending  from 
north  to  south  across  the  watershed®  It  lies  between  the  Reddish- 
Prairie  to  the  west  and  the  Grand  Prairie  on  the  east*  This  wooded 
area  occupies  nearly  5 percent  of  the  watershed®  Loose  incoherent 
sands  and  deep  sandy  topsoils  predominate®  Nearly  all  soils  are 
underlain  by  heavy  sandy  clay  subsoils  which  are  relatively  infertile 
and  intractable® 

Under  past  cultivation  practices  the  loose  soil  has  been  sub- 
jected to  severe  erosion  by  wind  and  water  action  and  many  areas  are 
encountered  which  are  damaged  beyond  productive  use  for  crops®  Al- 
though rainfall  enters  the  soil  rapidly  and  is  stored  for  later  use* 
or  transmitted  to  underground  channels  readily 5 the  loose  soil 
particles  are  easily  detached  and  washed  or  blown  away® 

A high  proportion  of  the  area  has  been  cultivated  at  one  time 
and  is  now  abandoned  to  pasture  use  because  of  erosion  damage  and 
infertility®  The  scrubby  woodland  is  not  well  suited  to  timber  pro- 
duction and  its  chief  use  is  for  grazing  and  for  fire  or  post-wood® 
Locally  the  trees  are  considered  a weed  vegetation® 
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The  Cross  Timbers  are  a major  sediment  producing  area  in  the 
Brazos  River  Watershed.  The  alluvial  valleys  have  several  feet  of 
sandy  deposits  on  a large  percentage  of  their  surface  and  cultivation 
of  the  once-pr oductive  bottomlands  has  practically  ceased.  The 
sediment,  usually  of  coarse  sand,  causes  increasing  and  permanent 
damage  to  the  fields  and  pastures  while  stream  channels  are  choked 
by  deposition.  This  Impairs  the  surface  drainage  of  the  valley  fields 
and  increases  the  frequency  of  flooding  in  certain  areas . 

Grand  Prairie:  This  area  occupies  19  percent  of  the  watershed  and 

lies  generally  in  the  reach  between  Glen  Rose  and  Waco.  It  is  a dis- 
sected limestone  plateau  of  smooth  but  rolling  topography.  While  the 
greater  portion  is  composed  of  areas  with  a shallow  soil  mantle  most 
valleys  and  smooth  ridges  have  some  deeply  developed  soils  suitable 
for  sustained  crop  production.  Soils  are  black  to  brown  or  gray  in 
color  and  are  usually  a tight  calcareous  clay.  The  clay  surface 
and  subsoil  inhibits  the  free  movement  of  rainfall  into  the  soil  but 
once  through  the  surface  the  broken  and  channeled  character  of  the 
parent  rock  gives  free  movement  to  underground  water.  Seeps  and 
springs  , often  seasonal,  are  common. 

A high  percentage  of  the  land  is  used  for  ranching  or  the  grazing 
of  cattle,  sheep  and  goats  and  the  remnants  of  the  original  mid-  and 
tail-grass  vegetation  furnish  a partial  cover  for  the  rolling  slopes 
of  shallow  soils.  The  shallow  uplands,  not  well  suited  to  crops,  have 
forced  the  use  of  the  bottomlands  for  forage  crops.  Since  there  is 
little  damage  from  sediment  in  the  flood  plains  and  the  channels 
are  large  enough  to  carry  normal  freshets,  the  bottomlands  are  used 
to  produce  the  supplementary  feed  necessary  for  livestock  production. 

Tributaries  have  high  discharge  rates  as  shown  by  the  vertical 
bluffs,  uneven  and  rough  bottomland  areas,  and  the  deep,  steep-sided 
incised  channels  with  numerous  ledges,  gravel  bars,  and  pools. 

There  are  three  general  subdivisions  within  the  Grand  Prairie  based 
on  differences  in  topography  and  soil  development  (table  2).  These 
differences  are  reflected  in  the  type  of  agriculture  encountered  and 
are  important  as  they  indicate  the  intensity  of  remedial  treatment 
necessary. 

Cultivated  area:  This  division  is  characterized  by  smooth 

topography  and  a high  percentage  of  arable  soil.  It  occupies  about 
28  percent  of  the  Grand  Prairie.  Between  one-half  and  three-fourths 
of  the  division  is  suitable  for  crop  production  while  the  remainder 
is  usually  of  shallow  soils  and  is  used  for  pasture.  Soil  and  water 
losses  from  the  cultivated  fields  are  high  due  to  the  heavy  clay  soil 
and  well-established  surface  drainage.  In  productivity,  use  and 
infiltration  rates  this  area  is  similar  to  the  Blackland  Prairie. 
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Rangeland  area;  This  division  is  characterized  by  smoothly 
rolling,  shallow  soils  with  a diminishing  native  cover  of  tall  grasses 
and  associated  short  grasses * The  less  valuable  short  grasses  are 
increasing  in  relative  density*  Typically  this  has  a savannah-like 
cover  with  knolls,  valley  sides  and  some  rocky  outcrops  covered  with 
live  oak,  sumac  and  some  cedar  while  the  remaining  area  is  grass 
prairie  spotted  with  clumps  of  mesquite,  The  rangeland  occupies 
about  40  percent  of  the  Grand  Prairie  and  is  primarily  in  large 
ranches  or  in  livestock  farms*  Numerous  areas  on  the  smooth  divides 
have  developed  sufficient  soil  depth  to  support  crop  farming  and  many 
of  these  areas  have  been  plowed  recently  for  wheat  or  for  supple- 
mentary feed  crops o 

Woodland  or  brushy  area;  This  division  occupies  about  thirty- 
two  percent  of  the  Grand  Prairie*  It  is  predominantly  an  area  of 
steep  and  abrupt  slopes  and  valleys  in  which  the  soils  are  very 
shallow  or  are  replaced  by  outer cps  of  rock*  Nearly  all  of  the  area 
is  covered  with  a thick  and  brushy  growth  of  mesquite,  red  oak,  live 
oak  or  cedar*  Nearly  all  favorable  areas  in  valleys  or  on  divides 
are  cultivated  and  in  the  past  few  years  a high  percentage  of  the 
open  pasture  has  been  cleared  of  brush  and  trees  to  improve  the 
grass  production*  It  is  doubtful  that  there  should  be  any  consider- 
able increase  in  cultivation  or  the  rate  of  brush  clearing  in  the 
future*  Ranches  and  livestock  farms  are  TTEe~ti ypxcrair farm~~type s of 
the  division,, 

Blackland  Prairie;  This  intensively  cultivated  prairie  occupies 
about  II  percent  of  the  watershed*  It  was  originally  a smooth  rolling 
Nbluestem’1  prairie,  used  for  grazing*  The  deep,  fertile,  black  clay 
soil  now  supports  an  Intensive  type  of  cash  crop  farming  with  about 
80  percent  of  the  entire  area  under  cultivation*  The  pasture  and 
woodland  is  mainly  located  on  the  small  bottomland  areas  or  on  steep 
slopes  and  abandoned  fields*  Vegetation  in  the  upland  pastures  has 
changed  to  a ihort  grass  cover*  In  the  few  remaining  upland  meadows 
the  original  bluestem  vegetation  is  cut  for  hay* 

In  the  western  edge  of  the  area  from  Georgetown  to  Hillsboro, 
adjoining  the  Grand  Prairie,  the  underlying  rocks  are  white,  chalky 
limestones*  Here  the  soils  are  more  shallow,  more  granular  and  per- 
vious, and  less  fertile  than  in  the  central  portion  where  the  under- 
lying rraterials  are  clays  and  marls*  The  eastern  edge,  from  Cameron 
to  Groesbeck  is  occupied  by  transition  soils*  These  areas  are  sandy 
at  the  surface,  intractable  and  not  highly  calcareous*  Locally 
known  as  Hhard  lands w these  sandy  soils  lack  the  granular  structure 
of  the  black  clays  and  are  less  fertile*  Runoff  and  soil  losses 
are  high  in  all  areas* 

Extensive  outcrops  of  calcareous  materials  in  the  Forested 
Coastal  Plains  near  Brenham  and  Caldwell  have  resulted  in  rather 
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large  discontinuous  areas  of  Blackl&nd  Prairie  -which  are  not  connected 
with  the  main  body  which  lies  between  IFaco  and  Marlino  In  these 
areas  the  calcareous  black  clay  surface  soils  are  much  the  same  as 
in  the  main  body  except  that  slopes  are  somewhat  steeper 0 dissection 
more  pronounced  and  there  are  higher  percentages  used  for  native 
meadow  and  woodland o 

The  BXackXand  Prairie  is  a critical  contributor  to  floodwaterg 
and  to  sediment  accumul&tiono  It  ranks  highest  in  the  watershed  in 
rate  of  runoff  and  amount  of  sediment  washed  from  fields  per  unit 
are&o  The  sediment  from  the  black  clay  fields  does  not  cause  severe 
permanent  damage  when  deposited  on  bottomland  fields  as  its  inherent 
fertility  is  high  and  the  recovery  of  agricultural  productive  value 
is  rapid o 

About  I4.  percent  of  the  area  is  characterized  by  steep  slopes 
and  escarpments  usually  along  streams 8 l6  percent  is  occupied  by  the 
transition  f?hard  lands”  and  the  remainder  is  smoothly  rolling o 
Waco  (population  55^000 ) and  Temple  (population  l^OOO)  are  the 
large  cities  in  th®  area© 

Forested  Coastal  plaing  This  conservation  problem  area  occupies 
approximately  10  percent  of  the  watersheds  in  the  section  between 
Marlin  and  Bellville®  This  is  a rollings  sandy  plain a originally 
forested  in  post-o&k  and  associated  tree  and  shrub  species o Early 
settlement  and  cultivation  in  the  area9  coupled  with  the  easily 
eroded  and  rapidly  leached  soils s has  resulted  in  abandonment  of  a 
high  percentage  of  the  land  to  grazing  use0 

Stream  channels  in  general  are  choked  with  sand  from  the  upland 
fields  and  gullied  areas 0 The  alluvial  areas  are  broad  and  flat  and 
subject  to  numerous  overflow's  which  are  usually  Xong-continued  be- 
cause of  the  restricted  drainage 0 The  bottomland  areas  are  not 
extensively  cultivated  as  the  water  table  is  often  highs  the  land 
swampy  and  only  moderately  fertile 8 and  the  vegetation  exceptionally 
thick  and  heavy® 

Since  the  low  yields  of  crops  in  the  uplands  has  discouraged 
cultivation  there  is  a trend  toward  increasing  the  size  of  holdings 
and  a change  toward  livestock  farming®  At  least  half  of  the  area 
is  predominately  woodland  which  is  used  for  grazing  with  only  small 
patches  of  cultivated  land  (table  2)s  while  in  the  remaining  portion 
the  openland  and  woodland  are  about  equal  in  area® 

A narrow  band  of  this  same  unit  occupies  a strip  between  Cleburne 
and  Waco®  This  area  is  very  similar  to  the  typical  Forested  Coastal 
Plain  and  is  known  locally  as  the  East  Cross  Timbers®  Agricul- 
tural use  and  practices  are  about  the  same  in  both  areas 0 As 
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this  band  is  narrow  and  parallels  Aquilla  Creek  and  Nolands  River 
there  is  little  development  of  flood  plain*  Sediment  from  this 
area*,  however *,  has  some  effect  on  the  black  clay  flood  plain  lands  in 
these  streams® 

Coast  Prairie;  This  is  a flat  treeless  area  on  the  coast  of  the  Gulf 
of  Mexico o It  occupies  less  than  2 percent  of  the  watershed®  There 
is  included  a small  area  of  salt-water  marsh  near  the  mouth  of  the 
Brazos  River  at  Freeport®  The  heavy  dark  clay  and  sandy  loam  soils 
are  used  in  conjunction  with  the  Brazos  bottomlands  and  are  exten- 
sively irrigated  for  rice  production®  The  ramaining  area  is  used 
as  pasture  for  cattle 0 These  areas  contribute  little  to  runoff  and 
are  not  severely  harmed  by  erosion®  Typically  they  are  slowly  drained 
and  flood  plains  within  the  Coast  Prairie  are  minor  in  extent® 

Bottomlands  This  refers  to  the  main  alluvial  areas  of  the  Brazos 
River  which  occupy  more  than  2 percent  of  the  watershed®  These  alluvial 
soils  are  composed  of  sediments  transported  by  the  large  tributaries 
which  have  carried  material  from  all  parts  of  the  watershed  toward 
the  mouth  of  the  Brazos  River®  The  broad  alluvial  plain  of  the  Brazos 
is  not  typical  of  the  adjoining  conservation  problem  areas  and  is  con- 
sidered separately® 

The  soils  are  reddish  to  gray  or  black  in  color*,  are  fertile*, 
easily  worked^  and  permeable®  ^he  area  is  intensively  cultivated  and 
of  high  productivity®  The  river  is  deeply  entrenched  and  is  eroding 
its  banks  throughout  the  area  from  Waco  to  Freeport®  There  is  con- 
siderable damage  to  bottomland  farms  caused  by  impeded  drainage  and 
lack  of  outlets  for  hill  water  into  the  main  river  channel®  It  is 
within  this  area  that  the  program  of  the  Department  of  the  Array*, 

Corps  of  Engineers*,  has  its  greatest  effect® 

GEOLOGY  AND  PHYSIOGRAPHY 

The  size  and  length  of  the  Brazos  River  YTatershed  are  so  great 
that  most  of  the  physiographic  provinces  and  sub-provinces  and 
systems  of  rock  formation  of  Texas  are  contained  within  its  drainage® 

The  watershed  drains  parts  of  three  large  provinces*,  the  Great  Plains*, 
the  Central  Lowlands  and  the  West  Gulf  Coastal  Plain®  Topography 
ranges  from  high*,  flat  youthful  uplands  through  well-drained*,  mature 
and  in  places  mountainous*,  sections  to  low*,  flat  coastal  plain®  In 
general  the  belts  of  outcrop  of  the  various  rock  formations  extend 
transversely  across  the  main  drainage  lines®  Formations  ranging  in 
age  from  Pennsylvanian  to  Recent  are  represented®  Because  of  its 
size  and  complexity*,  only  broad  generalizations  of  the  effects  of 
its  various  topographies*,  rook  structure  and  lithology  on  the  flood 
control  problem  are  presented® 


- 
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Great  Plains  Province 

High  Plains?  The  High  Plains  Section  covers  all  or  parts  of 
13  c oun t i e s ( f i gur e 2)®  It  is  a nearly  flat  upland  plain  lying  at 
elevations  ranging  from  I4.5OO  feet  in  the  western  part  to  approxi- 
mately 3000  feet  east  of  Lubbock®  Local  relief  rarely  exceeds  20 
feet  within  one  mile  except  in  the  immediate  vicinity  of  the  major 
valleys  suoh  as  “White  River  and  Double  Mountain  Fork®  The  smooth  sur- 
face of  the  plain  is  featured  by  hundreds  of  small 0 shallow  inter- 
mittent lakes 0 Most  of  the  area  has  virtually  no  surface  drainage *, 
hence  rainfall  which  is  not  evaporated  or  stored  seeps  directly  into 
underlying  formations  and  does  not  contribute  directly  to  stream  run- 
off® 


The  High  Plains  were  formed  during  Pliocene  time  by  many  rel- 
atively  large  streams  which  developed  a great  alluvial  plain*,  the 
Ogallala  formation*,  eastward  from  the  Rocky  Mountains  (figure  2)0 
It  consists  of  irregularly  stratified^  chiefly  unconsolidated 
material  ranging  from  clay  and  silt  to  coarse  gravel®  Its  thick- 
ness ranges  from  100  feet  or  less  to  approximately  ^00  feet®  In 
places  it  has  zones  of  very  strongly  cemented  sandstone  and  contains 
lens-shaped  deposits  of  loose  sands  and  gravels;  consequently  it  has 
a relatively  high  porosity  and  permeability  and  forms  a valuable  ground- 
water  producer  and  many  springs  issue  from  the  formation  at  its  eastern 
edge®  At  its  base  in  most  places  occurs  a well-cemented  zone  which  is 
resistant  to  erosion  and  in  places  forms  a part  of  the  familiarly  known 
"cap-rock11  of  the  area®  Its  eastern  fringe  forms  a prominent  escarp- 
ment which  is  deeply*,  and  in  places  spectacularly*,  eroded  by  the  major 
streams  which  have  formed  canyons*,  peculiarly  shaped  erosional  rem- 
nants and  numerous  outliers® 

Edwards  Plateau  Section?  The  Edwards  Plateau  in  the  Brazos  River 
area  is  represented  by  outliers  and  edges  occurring  along  the  south 
border  of  the  basin  from  Nolan  County  to  Travis  County®  It  is  com- 
posed of  resistant  limestone  formations  overlain  by  thin  soils*,  and 
its  average  rates  of  erosion  and  sediment  output  are  low®  One  pro- 
minant  occurrence  is  an  outlier  extending  roughly  east  and  west 
through  Nolan*,  Taylor  and  Callahan  counties*,  and  is  commonly  called 
the  Callahan  Divide® 

The  formations  underlying  the  plateau  are  correlative  with  those 
of  the  Lampasas  Cut  Plain  and  the  Grand  Prairie  further  north®  North- 
ward from  Travis  County  the  formations  decrease  in  thickness  and 
limestone  content  and  the  topography  merges  gradually  into  that  of 
the  Lampasas  Cut  Plain  and  Grand  Prairie® 

Central  Lowland  Province 

The  Central  Lowland  Province  extends  from  the  eastern  margin  of 
the  High  Plains  (in  Dickens *,  Garza  and  Crosby  counties)  about  200 
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miles  southeasterly  t©  Johnson  County  and  includes  nearly  one-half 
of  the  Brazes  River  Drainage  Area 0 .It  is  a large  and  diverse  area 
which  includes  much  rough  topography®  The  drainage  is  w® Undeveloped 
and  the  topography  ranges  from  gently  undul&tory  to  mountainous® 

The  Central  Lowlands  includes  parts  of  I4.  subdivisions?  (l)  the  Redbeds 
Plains  ® (2)  the  Palo  Pinto  Section ® (3)  the  West  Cross  Timbers  and 
(I4.)  the  Grand  Prairie®  It  contains  rock  formations  ranging  in  age 
from  Pennsylvanian  to  Recent  and  rates  of  erosion  range  from  the 
highest  to  nearly  the  lowest  in  the  Brazos  River  Watershed® 

Redbeds  Plains  Sections  The  Redbeds  plains  section  occupies 
about  one- firth  of  the  Brazos  River  Watershed  area  in  a roughly  rectang- 
ular  section  (figure  2)®  It  has  well-drained  rolling  topography  in 
which  stream  gradients  are  relatively  high®  The  bluffs  along  Salt  Fork® 
Double  Mountain  Fork  and  Clear  Fork  range  from  100  to  200  feet  in 
height  and  even  the  bedrock  valley  walls  are  subject  to  considerable 
lateral  erosion  by  the  main  streams 0 

Two  systems  of  rock  formations  in  general  underlie  the  area®  At 
the  west  margin  in  Crosby ® Garza  and  Dickens  counties  the  chief  country 
rock  is  the  Dockum  formation  of  Tri&ssic  age®  The  remainder  of  the 
Redbeds  area  in  underlain  by  Permian  formations®  All  of  the  formations 
are  predominantly  reddish  in  color  and  consist  chiefly  of  silts  and 
sands  with  some  moderately  cemented  sandstones  and  much  gypsum®  The 
land  surface  is  interrputed  by  numerous  outliers  of  younger  formations 
such  as  the  Ogallala  and  later  dune  sand  and  some  mesas  of  Cretaceous 
rocks®  In  general  the  Redbeds  Plains  are  subject  to  serious  acce°= 
lerated  erosion®  especially  gully  development®  and  they  are  poor  sources 
of  ground  water® 

Palo  Pinto  Section?  The  Palo  Pinto  section  extends  southeasterly 
across  the  drainage  area  in  a belt  about  60  miles  wide  from  Young  and 
Jack  counties  to  Eastland  and  Callahan  counties®  It  is  an  area  of 
ridged  topography  with  relatively  high  relief  and  many  scenic  features® 
The  bluffs  around  Possum  Kingdom  Reservoir  range  from  200  to  I4.OO  feet 
in  height®  The  Brazos  River  valley  has  entrenched  meanders  through 
much  of  this  section®  resembling  some  Appalachian  Mountain  valleys o 
Tributary  valleys  have  steep  gradients®  and  their  courses  ar©  con= 
trolled  by  rock  structure® 

The  main  ridges  are  capped  by  resistant  sandstones  and  limestones® 
and  the  tributary  valleys  have  been  developed  in  shales®  Rates  of 
erosion  are  relatively  low®  with  local  exceptions  in  areas  of  softer 
sandstones  and  shales®  Three  series  of  rocks  of  Pennsylvanian  age 
(Strawn®  Canyon  and  Cisco)  underlie  the  Falo  Pinto  Section®  and 
some  bituminous  coal  is  produced  from  the  lower  beds  in  local  mines® 

This  section  corresponds  roughly  to  the  Reddish  Prairie  conservation 
problem  area® 
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West  Cross  Timbers  Section g The  West  Cross  Timbers  occupies 
pa rt s^'oF 'barker * Somer ve  XI*  Era ■ th  and  Comanche  counties®  The  area 
has  generally  undulatory  topography * an  average  local  relief  of  about 
100  feet*  and  thorough*  dendritic  drainageo  It  is  underlain  by  the 
unconsolidated  and  easily-eroded  Paluxy  and  Basement  sands  of  Trinity 
(Lower  Cretaceous)  age  which  afford  good  ground  water  resources o 
Development  of  modern  gullies  has  followed  cultivation  without  erosion 
control o As  a consequence  gullied  areas  in  uplands  are  common*  while 
heavy  deposition  of  eroded  sand  in  many,  tributary  streams*  disturb- 
ance of  ground  water  levels  and  reduction  in  bottomland  productivity 
has  occur red« 

Grand  Prairie  and  Lampasas  Cut  Plain  Sections  Typical  Grand 
Prairie*  with  a gently  undulating  topography  and  relatively  shallow 
valleys*  occurs  in  Johnson  and  parts  of  Bosque  and  Hill  and  other 
counties®  South  from  this  area*  however*  the  Grand  Prairie  is  pro- 
gressively rougher  with  high  relief*  deeper  valleys  and  bluff -like 
prominences  which  increase  in  height  to  the  south  boundary  of  the 
watershed  in  Lampasas  and  Burnet  counties®  The  southern  part  of  this 
area  is  known  locally  as  the  Lampasas  Cut  Plain®  It  has  many  character 
i sties  of  a plateau  including  high*  flat  upland  divides*  steep  valley 
bluffs  and  a generally  table-like  topography®  From  Travis  County  to 
Lampasas  County  th©  Lampasas  Cut  Plain  merges  with  the  Edwards  Plateau® 

Streams  in  this  section  have  relatively  steep  gradients  and  rapid 
runoff®  The  channels  are  characterised  by  bars  of  limestone  gravel* 
generally  clear  water  and  relatively  straight  courses®  Rocks  under- 
lying th©  Grand  Prairie  and  Lampasas  Cut  Plain  are  the  Trinity*  Washita 
and  Fredericksburg  groups  of  Lower  Cretaceous  age  (figure  2)®  They 
contain  nearly  equal  proportions  of  shales  and  limestones  in  Johnson 
County  and  become  increasingly  calcareous  southward®  In  general  this 
section  is  relatively  resistant  to  erosion*  and  sedimentation  dam- 
ages are  not  seriouso 

West  Gulf  Coastal  Plain  Province 

The  western  boundary  of  outcrop  of  the  Upper  Cretaceous  rocks 
is  the  boundary  between  the  Central  Lowlands  and  West  Gulf  Coastal 
Plains  Provinces®  Southeasterly  from  this  boundary  the  topography 
generally  is  more  subdued*  valleys  are  wider  and  shallower*  and  rock 
formations  are  generally  less  indurated®  Erosion  rates  are  generally 
higher  than  in  limestone  areas  upstream® 

East  Cross  Timber ss  The  East  Cross  Timbers  occupies  a narrow 
strip  about  5 sTfl'es  wide  extending  roughly  southward  through  Cleburne 
and  Hill  counties®  It  has  relatively  rough  topography  but  low  relief 
and  has  minimum  importance  in  the  Brazos  River  Watershed®  It  is 
underlain  by  the  Woodbine  sand  of  Lower  Cretaceous  age® 
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Black  Prairieg  The  Black  Prairie , corresponding  to  the  Blackland 
Prairie  consecration  problem  area,  extends  across  the  Brazos  River 
Watershed  from  Bill  and  Limestone  counties  on  the  north  through 
Williamson  County  on  the  south,  and  has  an  average  width  of  about  35 
miles.  It  is  a belt  characterized  by  long  gentle  slopes,  dark  clay 
soils  of  high  fertility,  and  well-developed  drainage.  Local  relief 
in  most  places  does  not  exceed  80  feet.  High  bluffs  occur’  along 
the  streams,  especially  the  Little  River  and  the  Brazos  River,  and 
conspicuous  ridges  have  resulted  from  differential  erosion  in  the 
vicinity  of  a few  resistant  formations,  chiefly  the  Austin  chalk  and 
the  Pecan  Gap  chalk. 

The  rock  formations  underlying  the  Black  Prairie  belong  to 
the  Upper  Cretaceous  system  having  gentle  southeasterly  dips,  and 
consist  chiefly  of  marls,  calcareous  clays  and  chalks.  Only  one  sandy 
formation,  the  Wolfe  City  sand,  is  present  in  this  area.  It  is  a 
belt  of  outcrop  about:  p miles  wide  extending  through  parts  of  Lime* 
stone,  McLennan  and  Falls  counties.  Intensive  cultivation  has  re- 
sulted in  very  rapid  filling  of  reservoirs  with  sediment  (table  275 
Appendix  IT)  clogging  of  stream  channels  in  upland  tributaries  and 
frequent  burial  of  crops  by  flood-deposited  sediment. 

Forested  CoastalPlain?,  The  Forested  Coastal  Plain  includes  a 
large  roughly  triangular  area  extending  from  Freestone  and  Williamson 
counties  on  the  west  to  Austin  and  Waller  Counties  in  the  east.  It 
has  generally  subdued  relief,  wide  but  shallow  stream  valleys,  and 
predominantly  gentle  slopes.  The  Brazos  River  from  near  Calvert  in 
Robertson  County  flows  toward  the  Gulf  across  alternating  belts  of 
predominantly  sandy  and  predominantly  olay  type  soils.  These  re- 
flect the  characteristics  of  the  underlying  Tertiary  formations  in- 
cluding the  Midway,  Wilcox,  Claiborne  and  Jackson  formations  of 
Eocene  age  and  the  sands  and  clays  of  Miocene  and  Pliocene  aga 
(figure  2)o 

The  Forested  Coastal  Plain,  therefore,  has  a great  variety 
of  topography,  vegetation  and  rates  of  erosion.  Locally  erosion  in 
sandy  formations  is  serious  and  causes  damaging  deposition  in  some 
stream  valleys.  Low  average  gradients  and  abundant  vegetation, 
however,  prevent  the  development  of  extremely  rapid  accelerated 
erosion  in  most  parts  of  the  Forested  Coastal  Plain. 

Coastal  Prairies  A narrow  belt  of  low,  flat  coastal  prairie 
is  drained  by  the  Brazos  River  and  a few  minor  tributaries  below 
Rosenberg.  Two  principal  rock  formations,  the  Beaumont  clay  and 
Quaternary  alluvium  underlie  this  section.  The  valleys  are  broad 
and  shallow,  swampy  conditions  are  common  and  only  minor  interrup- 
tions occur  on  the  flat  plain. 
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CLIMATIC  FACTORS 

The  climate  is  moderate 0 The  average  annual  temperature 
ranges  from  about  70  degrees  in  the  coastal  regions  to  about  57 
degrees  in  the  upper  portions  of  the  watershed o Summers  are  long 
with  high  day  and  moderate  night  temperatures o Normally  the  winters 
are  short  and  mildo  Subzero  temperatures  have  been  recorded  in  the 
upper  portion  of  the  watershed  during  December B January s and  Feb- 
ruary but  such  low  temperatures  are  infrequent © The  average  mini- 
mum during  January  ranges  from  I4J4  degrees  near  the  coast  to  about 
21  degrees  near  the  headwaters © The  growing  season  normally  ex- 
tends from  the  latter  part  of  March  to  the  middle  of  November © 

1 

The  annual  rainfall  over  the  35*720  square  miles  of  contributing 
drainage  area  is  about  29°5  inches © The  average  annual  precipi- 
tation is  about  I4.7  inches  near  the  coast  and  ranges  downward  to  16 
inches  in  the  headwaters© 

Periods  of  drought  are  common©  During  1917  the  average  rain- 
fall was  about  15  inches©  During  the  I4.  year  period  from  1909  to 
1912  the  total  rainfall  was  about  25  inches  below  normal  © 

As  about  seventy- five  percent  of  the  rainfall  occurs  during 
the  growdng  season  the  distribution  of  rainfall  is  generally  favor- 
able© Extended  summer  droughts  are  common  in  all  areas  of  the 
watershed  © 

SUBWATERSHEDS 

For  convenience  in  hydrologic  evaluation  the  watershed  was 
divided  into  26  subwatersheds  (figure  3)°  Wherever  possible  each 
subwatershed  consists  of  a major  tributary  alone  but  along  the 
main  stream  of  the  Brazos  a subwatershed  may  include  many  short 
tributaries  which  enter  a reach  between  major  tributaries  or  be- 
tween control  points  such  as  constructed  or  authorized  reservoirs© 

In  other  cases  the  location  of  an  authorized  reservoir  on  a tri- 
butary caused  the  separation  of  the  tributary  drainage  into  two 
subwatersheds  © 

The  area  of  the  conservation  problem  areas  included  within 
each  subwatershed  is  shown  in  table  1© 

LAND  USE 

The  percentages,  of  various  land  uses  are  shown  by  conservation 
problem  areas  in  table  3 and  by  subwatersheds  in  table  1+©  Data 
were  obtained  from  the  Conservation  Job  Ahead  Study  completed  by 
the  Soil  Conservation  Service  in  19 Census  reports  were  used  to 
verify  these  figures© 
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Table  3*  Percentage  of  Various  Land  Uses  by  Conservation  Problem  Areas 

Brazos  River  Watershed 


Conservation  : 

♦ 

Land  in 

Farms 

Problem  i 

Area  i 

Land  ? 

in  Farms  § 

Cultivated 

s ? Pastured 

? Grassland? Woodland 

4 

s Miscellaneous 

(percent) 

(percent) 

(percent) 

(percent) 

(percent) 

High  Plains 

Northern  Area 

97  .4 

88.8 

9.5 

— 

1.7 

Southern  Area 

97  01 

86.5 

12.2 

- 

1.3 

Rolling  Red  Plains 

Western  Area 

99.0 

25.0 

74.4 

0.6 

Central  Area 

96.2 

52.4 

45.4 

- 

2.2 

Edwards  Plateau 

94.2 

6.9 

91.7 

1.4 

Reddish  Prairie 

95.4 

25.0 

67  oO 

7.1 

0.9 

Cross  Timbers 

96.6 

27.8 

68.8 

2.0 

1.4 

Grand  Prairie 

98.2 

25.1 

69.3 

4.6 

1.0 

B1  acid. and  Prairie 

Central  Areas 

96.9 

73.8 

21.0 

2.3 

2.9 

Southern  Area 

96.2 

35.1 

57.6 

5.0 

2.3 

Forested  Coastal  Plain 

Eastern  Area 

98.1 

30.0 

54.  6 

13.8 

1.6 

Western  Area 

97.4 

22.0 

60.9 

15.0 

2.1 

Coast  Prairie 

95.9 

26.0 

71.5 

- 

2*5 

Bottomland 

Main  Brazos 

96.6 

63.7 

30.0 

3.9 

2.4 

Navasota 

98.8 

12.5 

66.3 

20.1 

1a 
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DETERMINATION  OF  PRESENT  PHYSICAL  CONDITIONS 
Soil  Slope  and  Erosion  Conditions 


Tabulations  of  conservation  survey  data  were  completed  for 
over  6p000p000  acres  which  has  been  mapped  within  and  adjoining 
the  watershed  (table  5) ° In  these  tabulations  soil  units  were 
grouped  on  the  basis  of  similar  characteristics®  The  percentages 
of  such  groups  within  each  conservation  problem  area  are  shown  in 
the  following  tabulation® 


High  Plains 


Percentage  of  Area 


Deepp  fine  textures a moderately  permeable  J2 
Deepp  medium  textured a permeable  17 
Shallow  5 
Miscellaneous  6 


Rolling  Red  Plains  (Western  Area) 


Deep 5 fine  textured a slowly  permeable  27 
Deepp  medium  textured , moderately  permeable  20 
Shallow  25 
Sand  hills  13 
Miscellaneous  15 


Rolling  Red  Plains  (Central  Area) 


Deep p fine  textured a slowly  permeable  59 
Deepp  medium  texturedp  moderately  permeable  13 
Shallow  lij. 
Alluvial  9 
Miscellaneous  5 

Edwards  Plateau 


Deepp  fine  texturedp  slowly  permeable  29 
Shallow  2k 
Shallow  and  stony  I42 
Alluvial  5 

Reddish  Prairie 


Deepp  fine  texturedp  slowly  permeable  29 
Medium  texturedp  moderately  permeable  2I4. 
Shallow  and  stony  38 
Alluvial  9 


* 


2k 


Cross  Timbers  Percentage  of  Area. 

Deepg  medium  textured^  moderately  permeable  56 

Coarse  textured & permeable  35 

Miscellaneous  11 

Grand  Prairie 

Deep0  fine  textured 9 slowly  permeable  35 

Shallow  31 

Shallow  and  stony  26 

Miscellaneous  8 

Blaokland  Prairie 

Deep*,  fine  textured s slowly  permeable  62 

Deeps  fine  textured a permeable  8 

Shallow  3 

Alluvial  15 

Miscellaneous  10 

Forested  Coastal  Plain 


Deep a medium  textured B moderately  permeable  67 
Coarse  textured 9 permeable  16 
Alluvial  16 
Miscellaneous  1 

Coast  Prairie 

Deeps  fine  textured D slowly  permeable  78 
Deep a medium  textured 0 slowly  permeable  20 
Alluvial  2 


Slope  and  erosion  conditions  were  tabulated  and  combined 
by  separate  land  uses  and  soil  groups  into  three  classes  as  followss 

lo  Conditions  which  require  only  simple  conservation  measures 
for  continued  use0 

2o  Conditions  which  require  complex  and  expensive  conserva~ 
tion  measures  for  continued  use  as  cropland  or  maintenance 
in  pasture o 

3«  Conditions  which  preclude  the  use  of  the  land  for  culti- 
vation  and  require  complex  measures  to  re-establish  or 
maintain  vegetative  cover o 


Table  5*  Sources  of  Data  Used  in  Calculation  of  Physical  Conditions 
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This  tabulation  and  the  use  of  land  capability  tabulations  1/ 
•within  the  soil  conservation  districts  of  the  -watershed  furnished* 
a measure  of  the  outstanding  characteristics  of  the  conservation 
problem  areas®  The  percentages  within  each  conservation  problem 
area  occupied  by  various  complexes  of  soil,  slope  and  erosion  which 
require  certain  measures  are  shown  in  table  6c 

Description  of  Vegetative  Cover 

During  the  course  of  field  work  in  the  Little  River  Survey  2/ 
over  1[}.0S000  acres  of  grasslands  were  classified  by  a field  surrey® 
The  results  of  this  survey  were  found*  by  a reconnaissance  field 
check*  to  be  applicable  to  the  pasture  and  woodland  conditions 
within  the  same  conservation  problem  areas  of  the  Brazos  River  Water- 
shed® 


In  the  remaining  areas  the  collected  information  from  range 
specialists  assisting  the  soil  conservation  districts  was  used  to 
determine  the  present  conditions®  The  method  used  for  this  collec- 
tion and  analysis  is  given  in  Appendix  YI®  A brief  description  of 
the  vegetation  at  present  in  the  areas  follows® 

High  Plains  s On  the  heavy  tight  soils  the  climax  type  of  mixed 
pr ai rTe "TormerTy” occupied  the  High  Plains®  Mixed  short-  and  mid- 
grasses of  blue  grama  and  buffalograss  with  an  overstory  of  western 
wheat  grass  predominated®  Where  the  soils  vrere  shallower  or  lighter 
in  texture*  the  short  grasses  were  present  but  the  western  wheat 
grass  gave  way  to  needle  and  thread*  sideoats  grama  and  sand  drop- 
seed®  As  grazing  pressure  increased  the  mid-grasses  were  sub- 
dued and  buffalograss  became  dominant  over  blue  grama®  In  th© 
severely  grazed  sites  the  annual  weeds  such  as  Russian  thistle, 
lambs  quarter  and  little  barley  replaced  the  buff alogsrasa  * 

In  the  sandy  section  of  the  High  Plains-*  in  addition  to  the 
same  vegetation  as  in  the  sandy  portion  of  the  Rolling  Red  Plains* 
Hew  Mexico  feathergrass  and  sand  dropseed  is  prevalent®  More  de- 
sert influence  is  apparent  in  the  shrubs  and  as  the  site  is  drier 
there  are  fewer  tall  grasses®  Under  heavy  grazing  use  yucca* 
shinnery  oak*  sand  sage*  and  sumac  has  rapidly  increased® 


i/  Classifying  the  Land  for  Conservation  Farming*  Farmer »s  Bulletin 
Humber  1853  ° 

2/  U.  S.  Department  of  Agriculture  Interim  Survey  Report,  Brazos 
River  & Tributaries,  Texas®  Little  River  Watershed  1959° 
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In  the  depression  ponds  several  associations  are  present® 

In  the  extremely  wet  or  long-lived  lakes  aquatic  grasses  and  sedges 
are  prevalent  while  on  those  that  dry  cut  slowly  smart  weed  and  other 
annuals  are  noted®  These  produce  little  forage  but  if  the  lakes  are 
drained  or  protected  the  soil  will  support  buffalograss  and  western 
wheat  grass  meadows ® The  grass  may  be  killed  back  during  wet  periods 
but  the  buffalograss  will  recover  as  the  lake  dries  and  the  wheat 
grass  will  reseed  naturally  to  form  valuable  grazing  areas ® In  the 
few  salty  lakes  the  dominant  grass  is  alkali  sac&ton® 


At  the  edge  of  the  High  Plains  on  the  escarpment  there  is  some 
little  hluestemj,  sideoats  grama 8 hairy  grama B hairy  triodia  and  low- 
grade  annuals  and  forbs®  This  area  is  a poor  site  for  range  grasses 
but  is  not  too  severely  grazed  due  to  its  inaccessibility® 


Rolling  Red  Pl&insg  This  territory  is  the  meeting  ground  of 
the  true'  prairies  ftall  grasses)  of  the  east  and  the  mixed  prairie 
of  the  west®  Original lys  on  the  normal  soils s little  bluestems 
sideoats  grama a hairy  grama B blue  grama 8 and  buffalograss  were  the 
predominant  assoc iationo  The  southwestern  desert  plains  influence 
was  shown  in  some  areas  by  tobosa  grass o Degeneration  of  the  grass 
cover  has  been  rapid®  Sideoats  gram  and  little  blusstem  have 
nearly  disappeared  while  buffalograss 0 blue  grama  and  tobosa  grass 
have  become  the  dominant  grasses  along  with  an  extremely  heavy  in- 
vasion of  sand  sage  and  mesquit©® 


There  is  some  western  wheat  grass  in  the  valleys  and  alkali 
gasaton  has  often  replaced  the  bluestem  and  sideoats  grama  in  the 
n salty*  valleys®  Poor  quality  annual  weeds  have  replaced  mush  of 
the  original  gras 3 o 

In  the  sandhill  areas  a luxuriant  growth  of  medium  and  tall 
grasses  was  originally  present  and  utilized  the  favorable  water 
relationships  in  the  deep^,  loose  soils®  Switch  grasa9  indiangrass*) 
little  blue atom*  giant  sand  reed5  and  sand  love  grass 9 sand  blue- 
stsma  panicums  and  needle  and  thread  grass  dominated  the  sites o 
Small  amounts  of  shinnery  oak0  sumac  and  yucca  were  present o 
Under  present  heavy  use  the  tall®  and  mid-grasses  have  largely  dis- 
appeared s the  shrubs  have  greatly  increased  and  the  low  quality 
grasses  and  forts  are  about  all  that  remain®  Dwarf  forests  of 
shinnery  oak  and  sumac  have  often  replaced  the  grasses®  This  has 
had  little  effect  on  water  relationships  but  has  seriously  lowered 
the  grazing  capacity  of  the  area® 

In  the  rough  and  broken  areas & such  as  the  Croton  breaks 
along  Croton  Creek*,  relicts  of  the  original  vegetation  are  reason- 
ably common  due  to  their  isolation  and  the  protective  topography® 
The  major  grasses  were  sideoats  and  hairy  gramas 9 some  little  blue- 
stem*,  and  blue  grama a and  sand  bluestem®  In  most  of  the  area*, 
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however B the  grasses  have  been  replaced  by  a scant  growth  of  low 
quality  forbs5  hairy  triodia  and  redberry  juniper 0 Yucca , stunted 
trees  and  shrubs  have  increased  rapidly0  Some  areas  under  heavy 
grazing  us©  have  been  practically  denuded  and  no  protection  against 
rapid  soil  and  water  losses  is  lefto  The  entire  area  is  a sedi- 
ment source  area  and  rapid  geologic  erosion  is  so  intermingled  with 
accelerated  erosion  that  determination  of  the  cause  of  sediment 
production  is  difficult o 


Edwards  Plateaus  This  area  is  characterized  by  open  grassland^ 
smoothly  rolling~Topography  and  soils  developed  from  limestone  parent 
materials o This  is  one  of  the  best  remaining  grazing  areas  in  the 
watershed  with  a large  percentage  classed  as  being  in  good  condition 
The  original  vegetation  of  little  blues tern*  hairy  grama Q sideoats 
grama s tall  drops©eds  some  big  bluestem  and  indiangrass , and  scattered 
liveoak  has  been  replaced  by  buffalograss  on  the  better  sites  and 
hairy  triodia  and  threeawns  with  numerous  annual  weeds  on  the  shal- 
lower and  poorer  sites 0 Mesquite  has  become  very  widespread  and  the 
infestation  varies  from  a few  scattered  trees  to  a very  heavy  growth 
of  large  trees  which  have  practically  shaded  out  the  grasses o Cedar 
and  liveoak  have  invaded  on  some  of  the  "breaks**  and  shallow  soils o 

While  cover  conditions  are  conducive  to  rather  rapid  rates  of 
water  intake  into  the  soxls  further  improvement  may  be  accomplished 
by  leaving  on  the  surface  larger  amounts  of  residue  from  the  grass 
crop  through  better  management  practices <,  Utilization  of  the  for- 
age has  been  complete  for  many  years  and  the  surface  litter  on  the 
soil  has  deteriorated  considerably  from  the  most  desirable  con- 
dition o Very  little  damage  from  soil  erosion  is  suffered  at  the 
present  tim©o 

Reddish  Prairie g (1)  Pastured  wocdlando  The  woodland  in  the 
Reddish  Prairie  usually  occupies  the  numerous  steep  slopes  and 
ridges o The  oaks  compose  a tenth  of  the  understory  vegetation  while 
mesquite  occupies  less  than  one  percent <»  Post  oak  and  blackjack 
oak  are  near  th©  western  margin  of  their  range  and  are  small  and 
scrubby o Buffalograss 9 Texas  wintergr&ss^  perennial  threeawnsj, 
hairy  grama  and  annual  breme  grass  usually  form  the  rather  sparse 
ground  cover o Bluestems  are  present  and  where  the  ridges  have 
been  cleared  often  become  the  dominant  grass  species o Due  to 
unrestricted  grazings  many  areas  support  very  little  grass  cover 
under  the  woody  shrub  and  tree  growth 0 

(2)  Grasslando  The  grassy  prairies  have  been  invaded^,  al- 
most without  exception 0 by  the  common  mesquite 0 The  prairies  are 
found  on  areas  of  gentle  relief  and  the  grass  vegetation  is  pre- 
dominately of  buffalograss o Little  barley * Texas  wintergrass $ 
perennial  threeawnsp  hairy  grama,  and  vine-mesquite  are  among  the 
other  dominant  grasses o Bluestems  are  nearly  always  present  and 
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increase  rapidly  under  careful  grazing  practices  o 

Continuous  and  heavy  grazing  has  destroyed  the  character  of 
the  original  cover  and  has  resulted  in  the  sparse  grass  cover  now 
present o Trampling  as  well  as  grazing  on  the  shaly  clay  soils  have 
compacted  the  surface  layers o This  compaction  has  increased  the 
amount  of  runoff  during  storms  and  inhibited  the  growth  of  the  re« 
maining  grasses o 

Cross  Timbers  1/s  (l)  Woodland o The  native  vegetation  of  the 

Grog s~T imb erg  of  "the  Brazos  River  Watershed  consist  principally  of 
a dense  stand  of  scrubby  post-oak  and  blackjack  oak<>  in  which  a 
few  small  ©pen  areas  appear o Only  traces  of  grass  vegetation  may 
be  found  growing  in  the  heavily  shaded  and  pastured  woodlands o 

In  the  openings  panicumsa  lovegrasaes 8 sand  dropseeda  annual 
fescue^  Texas  grama  and  traces  of  little  bluestem  and  threeawns  are 
present o The  annual  weeds s consisting  chiefly  of  fluffweeds  and 
plantains s occur  in  quantity 0 

Overgrazing  and  uncontrolled  burning  have  destroyed  much  of 
the  original  ground  cover p and  the  protection  afforded  against 
water  and  soil  losses  has  severely  deterioratedo 

(2)  Grassland©  Many  small  fields  have  been  retired  from 
cultivation  because  of  erosion  and  decreased  soil  fertility© 

These  areas 8 at  least  those  which  have  been  retired  for  some  years s 
support  & thin  stand  of  the  grasses  and  weed  species  mentioned 
above  plus  sandburr  and  fillaree© 

Grand  Prairies  (1)  Woodlando  The  area  termed  woodland  is 
used  for  pasture~Tnd  is  covered  with  a moderate  stand  of  live  oak0 
Texas  red  oakp  cedar  and  associated  woody  species o The  grass  vege- 
t&tion  which  occurs  in  the  openings  and  amid  the  bushy  growth  is 
very  similar  to  that  of  the  open  pasture  with  little  bluestem  and 
grama  occurring  more  frequently©  The  grasses a hairy  grama s three- 
awns 3 triodia0  sand  dropse@d3  Texas  wintergrassa  and  little  blue- 
stem  are  common  except  in  areas  containing  large  amounts  of  brush© 

Cedar  is  increasing  in  density  and  spreading  even  into  the 
open  areas  under  present  management©  Many  areas  have  been  cleared 
of  woody  vegetation  and  are  maintained  as  open  pasture  at  the  pre- 
sent time  (about  20  percent  of  the  open  pasture  which  occurs  in 
the  wooded  section  has  been  cleared  recently©)  Heavy  grazing  in 
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wooded  areas , along  with  indiscriminate  cutting  and  burning,  has 
greatly  reduced  the  water  retarding  effect  of  the  trees  and  litter. 
Once  destroyed,  the  woody  cover  is  not  immediately  replaced  with 
grass  cover® 

(2)  Grassland®  This  is  usually  found  in  the  western  sections 
on  smoothly  rolling  topography  and  on  moderately  shallow  soils® 

The  rougher  areas  along  the  creeks  and  on  abrupt  slopes  often  sup- 
port  thickets  of  oak  or  cedar® 

The  continuous  overgrazing  of  this  open  grassland  during  the 
past  forty  or  fifty  years  has  caused  a serious  decrease  in  the 
density  of  the  desirable  grasses  (little  bluestem,  buffalograss , and 
the  gramas)®  The  decrease  in  these  grasses  is  concurrent  with  a rapid 
increase  in  the  less  desirable  species  (three&wns,  Texas  vdntergrass , 
muhXy  grasses,  hairy  trxodia,  and  rescuegrass)  along  with  an  in- 
crease in  annual  weeds  and  invasion  of  cedar  and  other  scrubby  trees o 

At  present,  the  protection  against  soil  and  water  losses 
offered  by  the  vegetation  is  far  below  the  maximum  which  the  vegeta- 
tive  type  should  afford® 

Blackland  Prairies  (1)  Grassland®  The  vegetation  consists 
principally  of  buffalograss,  Texas  wintergrass,  threeawns,  gramas, 
and  blue stem  grasses®  Annual  weeds  include  plantains,  filar ee 
and  broomweed®  The  grasslands  used  for  pastures  are  usually  small 
in  extent  and  heavily  grazed  most  of  the  yearo  Many  abandoned 
areas  along  drains  or  gullies  are  solid  bermudagrass  or  Johnson- 
grass®  There  are  a few  native  bluestem  meadows  still  showing  the 
nature  of  the  original  vegetation® 

(2)  Woodland o This  heavily  pastured  type  is  characterized 
by  a scattered  stand  of  live  oak  and  mixed  hardwoods®  The  her- 
baceous  vegetation  consists  principally  of  buffalograss,  Texas 
wintergrass,  little  bluestem,  threeawns,  and  rescuegrass®  Annual 
weeds  usually  found  include  plantains,  wild  carrot  and  broomweed® 

Forested  Coastal  Plains  (l)  Pastured  woodland®  The  woody 
vegetation  consists  of  an  overstory  of  elm,  oak,  hackberry,  hickory, 
and  other  hardwood  trees  ranging  in  density  from  almost  solid  ground 
cover  to  scattered  stands  with  numerous  open  glades®  The  herba- 
ceous vegetation  is  comprised  principally  of  bermudagrass.,  pas- 
palums,  Texas  grama,  threeawns,  lovegrasses  and  little  barley  and 
many  forbs®  The  wooded  areas  are  grazed  and  often  burned®  In 
many  cases  various  shrubs  and  weeds  completely  cover  the  forest 
floor®  Trampling,  fire,  and  continuous  grazing  have  seriously 
lowered  the  infiltration  capacity  in  most  of  these  areas® 
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(2)  Grass land • Grassland  or  open  pasture  consists  of  iso- 
lated fields  which  were  formerly  cultivated  but  were  retired  from 
cropping  because  of  erosion  or  decreasing  fertility*  The  present 
vegetation  usually  consists  of  paspalums,  bermudagrass , sand  drop- 
seed,  threeawns,  and  associated  grasses  and  weeds . The  density 
is  usually  sparse  and  forage  production  very  low.  Barely  adequate 
cover  to  reduce  erosion  losses  is  present  and  water  losses  remain 
high. 


Coast  Prairies  This  is  normally  a flat  treeless  plain  bordering 
the  Gulf  of  Mexico  and  in  the  Brazos  River  Watershed  consists  of 
narrow  strips  on  each  side  of  the  main  Brazos  alluvial  plain . 

Rear  the  mouth  of  the  Brazos  River,  where  tidewater  affects  are  appa- 
rent, the  vegetation  is  comprised  of  plants  which  are  typical  of 
marshy  and  salt  water  sites o The  value  of  this  salty  vegetation  for 
forage  is  very  low  and  the  coastal  marsh  is  not  considered  as  pas- 
ture area.  The  vegetation  of  the  smooth  and  higher-lying  sections 
near  the  Forested  Coastal  Plain  is  composed  of  paspalums,  panic 
grasses,  bluestems,  dropseeds,  threeawns,  and  some  buffalograss . 

The  grassland  cover  is  dense  and  reasonably  uniform  and  with  the 
normally  high  rainfall  prodizces  heavily.  Increased  fertility  of  the 
soil,  proper  drainage  of  some  low  areas,  and  the  introduction  of 
leguminous  pasture  plants  is  necessary  to  make  this  section  except- 
ionally productive  as  a range  area.  Heavy  grazing  has  not  harmed  the 
cover  from  the  standpoint  of  soil  protection  and  water  retention. 


Some  few  rolling  areas  near  the  Forested  Coastal  Plain  have 
suffered  considerable  deterioration  of  good  vegetative  cover  due  to 
heavy  grazing  on  the  sandy  areas  but  soil  losses  are  not  excessive. 

Infiltration  Rates 


Infiltration  tests  have  been  made  to  determine  the  approximate 
rate  of  water  intake  into  the  various  soil  conditions  under  the  many 
variations  in  vegetative  cover.  Table  7 shews  the  percentages  of 
grassland  and  pastured  woodland  in  the  various  conservation  problem 
areas  which  have  a high  or  maximum  rate  of  water  intake  under  present 
conditions  of  use  and  treatment.  Cross-tabulation  of  more  than 
114.0,000  acres  of  detailed  range  survey  daua  with  conservation  survey 
information  was  used  to  determine  the  percentages  listed.  Informa- 
tion  as  to  range  conditions  in  other  areas  not  covered  in  detail 
were  secured  from  range  technicians  in  the  field. 

Rate  of  Soil  Loss 

The  Soil  Conservation  Service  has  estimated  the  rate  of  soil 
loss  or  land  damage  within  each  conservation  problem  area.  In  this 
study  the  unit  area  (an  area  in  which  physical  and  economic, 
characteristics  are  homogeneous)  was  developed  as  the  basis  for 


Table  7*  Percentage  of  Grazing  Area  in  Each  Conservation  Problem  Area 
Which  Now  Has  a Maximum  Infiltration  Rate 
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A large  portion  of  the  area  is  covered  with  mesquite  brush  which  is  classed  as  open  grass 
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calculations.  The  soil  loss  rates  were  adjusted  by  several  fac- 
tors which  included  the  following,  as  dictated  by  conditions  in 
the  unit  area: 

1.  Land  use  patterns,  from  census. 

2.  Soil  loss  rates,  from  the  Experiment  Stations. 

3*  Slope  gradient  factors,  from  the  Experiment  Stations. 

I4..  Slope  length  factors,  from  the  Experiment  stations. 

5*  Storm  pattern  or  intensity  factors,  from  hydrologic  records. 

6.  Historical  information. 

The  annual  amounts  of  soil  loss  from  the  various  subwatersheds 
are  shown,  in  table  8 and  the  rate  of  land  damage  to  cultivated  areas 
shorn  in  figure  I4..  The  legend  in  figure  I*  is  based  upon  the  period 
during  which,  under  normal  price  levels,  the  presently  cultivated 
land  can  be  used  for  cultivation.  It  is  estimated  that  the  average 
cultivated  field  will  revert  to  a less  intensive  use  due  to  decreased 
productive  capacity,  caused  by  loss  of  topsoil,  at  or  near  the  end  of 
the  period  listed. 
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Brazos  River  Watershed 


35 


CO 

0 

© 

rC 

0 

g 

0 

-p 

I 

£ 


CO 

0 

H 

£H 


C9 

63  0 
O rH 
P -H 

5U 

H 

H © 
O G 
CO  0 
3 
-i 

0 CO 

§ G 

4« 


0 

G 

< 

0 

bO 

0 

G 

•H 

0 

G 

o 


0 

0 

,G 

w 

g 

0 

-P 

i 

p 

CO 


0 

H 

•H 

6 

0 

g 

0 

p 

a1 


CO  _d  CM  CM  C—  rH  ON  rH  CM  C — LfN  CVJ  CM  rH  LA  CM  rH  ON  CM  O CO  \£>  CM  t>-  LfNvO  vO 
OJ  NO  VO  KN  KN_d  rH  O CO  ON  LfN  O rH  nO  LfN  C*-  C"~  CM  KN  CM  NO  KN  LfN  CO  C — KN  rH 


i— I r— 1 »H  rH  rH 


rl  rl  rl  rl  rl  rl  CVJ  rH  KN 


k\I 

LfN  O LIN  O LfN  O O O O O O LfN  LfN  O O LT\  O O L£N  UN  UN  LIN  LfN  O O UN  O 

rH  lIN  O H C CO  KN  C^vO  COvO  O CD  LT\H  KNnO  O CO  LfN  O 0-00  CVJ  ON  KN  O 

CM  KN  CM  CO  \0  f^-_d  O O KN  On  0J  _d_d  LfN  rH  CO  ON-d  ON  rH  KN_d  KNvO  ON  H 


CO 


CM 


rH  KN  rH  OJ  rH 


CM 


rH  CM  — d t — rH  rH  rH 


KN 


CM  | 

ON  KN  LfN  KN  ON-d  LfN-d  CO  LJNOO  CO  CM  O O l>vO  LfN  KVd  CO  CM  ON  CM  LfN  CO  LfN 

rH  _d  KN  KN  CO  t*—  O NO  CM  CO  CM  NO  KN  CO  KN  H C" — ON  tO~KN  LfN  rH  iH  CO  ON  ON  CM 

_d  LfN  ON  rH  _d  CM  ONO  Lf\  O nO  rH  _d  CM  KN-dNO  -d  vO  O KNlN-KN  KNMD 


NO 


CM 


CM 


CM 


CM 


rH  rH  C — rH 


G 

O 

pH 


6 

o 

'0 

bO 

G 

■H 

n 

p 

u 


© 

g 

■p 

•H 


G 

O 

•p 

0 

to 

•rH 

G 

g 


•G 

-p 


w 

^4 

09 

d4 

-P 

PG 

*0 

0 

Q 

-P  k 

s 

G 

G 

© 

O 

0 

O 

0 

s 

s 

0 G £ 

•H 

•H 

0 

PL, 

B 

0 

B o 

0 

-p 

0 

0 0 

© M © 

-p 

0 

G 

o 

G 

O ,0 

G 

<J4 

rH 

0 

0 

0 > 

O 

0 

X SG 

0 

p 

+3 

© 

O 

0 

0 

O 

-o  ^4  ^ 

0 

0 

G 

+5 

G 

G 

O 

O 

rH 

•p 

w G 

SG 

G 

G 

© 

> 

bD 

bO  © 

l> 

0 

0 

-P 

9 

© 

N 

9 

W rO 

© 

•H  »H  fl 

0 

P 

G 

M 

0 

O 

G 

O 

G 0 O 

•H 

G 

> 

•H 

> 

0 

> 

O 0 

,0 

P4 

G 

rH 

G 

G 

> 

^4 

o 

O 

G 

0 

JQ 

»<H 

-P 

•H  G +5 

Pd 

O 

•H 

•H 

•rl 

G 

0 

rH 

© 

O 

rC  LfN 

+3 

•H 

G 

S 

© 

O 

G 

0 

w 

G 

W O 

fG 

PG 

PG 

PQ 

rO 

0 0 

0 

0 

•H 

p -d  0 

G 

O 

© 

0 

pH 

G 

*H 

J>s  CO 

0 

O 

0 

,0  -P 

•P 

G 

-P 

PG  LfN  0 

© 

O 

pH 

© 

G 

G 

O 

CO 

P-. 

B r»  © 

0 

rH 

0 

-P 

0 

0 

0 

O 

O 

O 

0 

£ * t! 

G 

O 

0 

rH 

O 

0 

G 

<H 

o 

•5 

P K G 

G 

1 — 1 

P 

rH 

rH 

1 — 1 

0 

0 0 

0 

bD 

0 

1 

•P 

«P 

& 

rO 

0 

•H 

N 

w 

o 

09  P -P 

0 

•H 

cr* 

O 

-P 

-P 

-P 

P 

P 0 

0 

rH 

•H 

G 

•rH 

rH 

p 

S rO 

0 

l — 1 

0 

M 

rH 

0 rH  -H 

rH 

P 

» 

O 

•P 

-P 

-P 

bD  bO  !> 

{>  rH 

G 

o 

0 

o 

rH 

P 

rH 

0 

G 

o 

0 

O 0 45 

O 

cr 

O 

.0 

•H 

•H 

•H 

0 

0 0 

0 

*H 

G 

Ns-NvN. 

P 

CO 

Q 

W M 

O 

O 

PQ 

Ph  fG 

PL,  PG  ^ 

>h  >h 

SG  ^ M 

rH  jCM  JKN| 

0 

0 

0 

e 

G 

0 

0 

G 

© 

bO 

CM 

0 

G 

LfN 

G 

♦H 

0 

•H 

-p 

rH 

bO 

p 

G 

w 

•H 

G 

Ch 

•P 

0 

G 

O 

W 

O 

PG 

1 

G 

G 

O 

O 

O 

G 

O 

B 

O 

•H 

B 

0 

d 

• 

-p 

a1 

O 

0 

KN 

^H 

e 

ON 

0 

CM 

O 

KN 

O 

KN 

-p 

LfN 

•rH 

sO 

G 

CM 

© 

0 

B 

s 

-P 

• 

£ 

G 

0 

0 

0 

0 

CG 

G ?G 

£ 

© 

0 

G 

•rH 

•H 

G 

0 

0 

G 

0 

-P 

O 

G 

Cm 

0 

0 

0 

-P 

G 

KN 

O 

0 

C — 

G 

> 

KN 

•rH 

ov 

G 

PS 

C — 

O 

c— 

& 

Ok 

I — I 

-d 


•H 

o 

CO 


0 

-P 

0 

0 


g 

0 
> 
®r" f 


© 

-p 


X5  <H 

G O 


0 ^ 

rH 

-p 

-P  O 

•H  0 
t-d  0 
0 

°>  p 

-P 
G 

O .. 

PL  0 


CJ1 

0 


K H 


cS 

o 

E *H 
•H  K 
G © 

0 s 


56 


LEGEND 

Period  of  time  that  the  present  cultivated  area  can  remain 
in  profitable  crop  production  under  present  methods  of  tillage.  (Without 
conservation  measures.) 


0 to  24  YEARS 
25  to  49  YEARS 
50  to  74  YEARS 
75  to  99  YEARS 
OVER  100  YEARS 


PRESENT  RATE 
OF 

EROSION  DAMAGE  TO  CROPLAND 

(LONGEVITY  WITHOUT  CONSERVATION  MEASURES) 

BRAZOS  RIVER  WATERSHED  - TEXAS 

U S 0EP6RTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 

H H BENNETT -CHIEF 

REGION  4 CONSERVATOR -LOUIS  P MERRILL 

4-R-7245- 
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APPENDIX  II 

LAND  AND  Y£ATER  ECONOMY 
SETTLEMENT 


The  earliest  reoorded  permanent  white  settlement  in  the  Brazos 
River  Watershed  occurred  at  Washington-cn-the-Brazos  in  1821 , by- 
colonists  under  the  leadership  of  Stephen  F.  Austino  A few  missions 
to  the  native  Indians  had  preceded  this  settlement®  The  first  counties 
were  organized  in  I836  and  gained  legal  status  in  1837°  Among  these 
were  Austin,  Brazoria  and  Washington®  Settlement  progressed  westward 
up  the  Brazos  River  and  rapid  increases  in  population  and  agricultural 
development  took  place  following  the  wars  of  ISI4.8  and  I860®  The  last 
county,  Hockley,  was  organized  in  I92I4.0 

POPULATION 


The  total  population  of  the  Brazos  River  Watershed  in  I9I4.O  was 
about  l,0l},0a0005  a loss  of  about  10,000  or  approximately  one  percent 
during  the  period  from  1930  to  19U0° 

The  urban  population  of  the  Brazos  River  Watershed  was  330*787 
in  19U0*  a gain  of  I4.I  s S73  from  the  1930  urban  population  of  288,914° 
There  were  Ij. 3 urban  communities  (eities  having  a population  of  2,500 
or  more)  within  the  watershed  in  194-0  compared  with  38  such  com- 
munities in  1930o  The  largest  city  in  the  watershed  was  Yfaco,  popula- 
tion  55,982  in  194-0,  followed  by  Lubbock,  Abilene,  Temple,  and  Bryan 
in  the  order  named® 

Rural  Population 

The  rural  population  of  the  watershed  wa s about  709*000  in  1940 
as  compared  with  about  761,000  in  1930°  This  change  was  due  to  a 
decrease  in  the  farm  population®  Although  about  10,000  of  the  de- 
crease in  rural  population  resulted  from  reclassifying  five  rural 
communities  as  urban  in  the  1940  census,  the  rural  non-farm  popu- 
lation increased  during  the  decade®  The  population  changes  are  listed 
in  table  9® 
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Table  9®  The  Approximate  Rural  Farm*  Rural  Non-farm  and  Urban 
Population,  1930  and  19^0 <> 

Brazos  River  Watershed 


A 

» 

?Change  1930 

S 

Population 

Census  of? 

g to 

Item 

* 1930 

1940 

g 191+0 

( number ) 

(percent) 

( number ) 

(percent) 

Rural  Farm 

55k  >000 

52  ©8 

488,000 

1+6  ©9 

-11  ©9 

Rural  Non -farm 

207,000 

19  o7 

221,000 

21©3 

♦ 6,8 

All  Rural 

761,000 

72  ©5 

109,000 

68,2 

- 6,8 

Urban 

289,000 

27o5 

331,000 

31®8 

+14.5 

Watershed  Total 

1,050,000 

100o0 

1,040,000 

100  ©0 

- 1.0 

l/  Uo  So  Census,  1930  and  191+0© 


The  density  of  the  rural  population  in  19^+0  'was  approximately  16  per 
square  mile,  ranging  from  slightly  below  10  in  the  High  Plains  area  to 
about  33  in  the  area  below  Wacoo 

Shifts  of  Farm  Population 

The  rural  farm  population  numbered  about  1+88,000  in  191+0,  and  was 
lower  than  the  55Ux>000  in  1930  by  almost  12  percento  Tabulations  from 
the  19J+5  Census  of  Agriculture  indicate  that  this  trend  has  continued, 
although  changes  in  definitions,  methods  of  collection  and  date  of 
enumeration  prevent  a direct  comparison  with  earlier  census  information© 

Substitution  of  machines  for  man  and  horse-power  has  created  a 
condition  where  fewer  farmers  are  needed  to  operate  the  farm  acreage 0 
Agricultural  conservation  programs  have  encouraged  a reduction  in 
cotton  acreage  and  an  increase  in  pasture© 

Increased  per  capita  farm  incomes,  accompanying  the  continued 
mechanization  and  increased  owner  operation  of  farm  units,  will  aid 
in  stabilizing  the  agricultural  economy  of  the  area  and  in  the  instal- 
lation of  the  recommended  program© 


CHANGES  IS  FARM  VALUES  AND  SIZE  OF  FARMS 

Changes  in  farm  values  usually  reflect,  after  a lapse  of  a few 
years, ‘fundamental  changes  which  have  taken  place  in  the  financial 
status  of  farming© 


• 


, 


39 


From  1930  to  1933  land  values  in  all  areas  of  the  Brazos  River 
Watershed  declined  sharply  (table  10)®  This  decline  reflected  the 
depressed  condition  of  farming  during  this  period  which  forced  many 
farmers  to  adopt  an  exploitative  system  of  farming®  This  exploitation 
accelerated  erosion,  produced  conditions  favorable  to  increased  run~ 
off  and  increased  the  flood  hazards®  After  191+0,  farm  values  and  in- 
comes increased  rapidly  (tables  10  and  11)®  As  a result  farmers  now 
have  less  difficulty  in  meeting  fixed  charges  and  have  more  freedom 
of  choice  in  organizing  their  farm  enterprises®  They  are  in  a better 
financial  position  to  adjust  their  businesses  to  meet  any  decline  in 
prices  of  farm  products  and  to  increase  efficiency  of  farm  operations® 

The  average  size  of  farms  has  been  increasing  in  the  Brazos  River 
Watershed  since  193°  (table  12)®  The  increase  has  been  general  in  all 
areas  except  the  Edwards  Plateau® 

The  increases  in  farm  values  and  size  of  farms » if  not  accompanied 
by  further  inflation  of  land  values  or  followed  by  depressed  prices  of 
farm  products,  are  in  the  direction  of  a more  stable  agricultural  economy 
in  the  watershed®  Installation  of  the  recommended  program  will  aid  in 
this  desirable  adjustment® 

A number  of  war-induced  changes  in  the  farm  economy  of  the  watershed 
are  offsetting  the  desirable  trends  to  some  extent®  For  example g during 
the  war  a sharp  increase  in  the  peanut  acreage  in  the  Cross  Timbers  area 
has  increased  the  erosion  loss  from  fields  and  the  sediment  hazard  to 
areas  downstream® 


LAND  OWNERSHIP 

Most  of  the  land  in  the  Brazos  River  Watershed  is  privately  owned® 
Among  the  major  publicly  owned  areas  are  Camp  Hood  (160,000  acres) , the 
Bluebonnet  Experiment  Station  Farm  (15,000  acres)  and  Possum  Kingdom 
State  Parks  (7,000  acres)®  There  are  a number  of  smaller  state  parks 
with  an  aggregate  area  of  about  6,000  acres®  Other  publicly  owned  lands 
include  the  campus  and  Experiment  Station  of  Agricultural  and  Mechanical 
College  of  Texas  at  College  Station,  several  State  Experiment  Substations, 
and  a number  of  municipal  parks®  There  are  no  national  forests  within 
the  watershed® 

About  96  percent  of  the  land  area  is  in  farms®  In  most  counties  in 
the  watershed  more  than  80  percent  of  the  area  is  in  farms  (table  13)® 

In  all  calculations  involving  acreage  the  non-farmland  estimates 
made  by  the  Soil  Conservation  Service  in  their  conservation  needs  inven- 
tory (unpublished  records)  were  used®  These  estimates  were  made  for 
small  areas  and  are  considered  a better  expression  of  the  acreage  of  treat- 
able  lands  than  can  be  derived  from  census  data® 


Table  10  - Average  Value  of  Farmland  and  Buildings  per  Acre  of  Farmland 

in  Counties  Representative  of  Each  Conservation  Problem  Areao  1 f 

Brazos  River  f&tershed 


County 

s 

{Conservation  Problem 

% 

t Average  Value  per 

Acre*  Census  ofs 

* Area 

i 1930  8 

1935  1 

1940  s 

1945 

(dollars) (dollars) (dollars) (dollars) 

Waller 

Coast  Prairie 

26.28 

1935 

25.60 

33.74 

Brazos 

34.36 

21.96 

26.45 

26  0I4U 

Lee 

24.20 

lit .1+7 

16.55 

20o33 

Robertson 

33*90 

22ol7 

21082 

24.40 

Average 

Forested  Coastal  Plain 

30.82 

19*53 

21 .62 

23*72 

Falls 

80*25 

1+1+.17 

44.92 

49.08 

McLennan 

82*95 

ltlt.35 

45.22 

51*73 

Washington 

53.26 

30*52 

kl  *1+3 

39.88 

Average 

Blackland  Prairie 

72*15 

39.68 

43.86 

46.90 

Erath 

22o02 

13*33 

14.37 

24.33 

Eastland 

23.13 

11*79 

13o21 

20.94 

Average 

Cross  Timbers 

22*58 

12.56 

13*79 

22.64 

Bosque 

31°70 

18*89 

20*78 

28.74 

Hood 

22*37 

16.04 

17*50 

27*91 

Somervell 

17  o89 

11*85 

11*79 

11*50 

Average 

Grand  Prairie 

23*99 

15*59 

16.69 

22  <,72 

Stephens 

lit. 82 

8.70 

9.86 

16,65 

Young 

28.10 

16063 

18.98 

22.88 

Average 

Reddish  Prairie 

21.46 

12.66 

14.42 

19.76 

Shackelford 

Edwards  Plateau 

18.76 

13.86 

13.56 

21.15 

Fisher 

lj.0  0I4.6 

21o30 

24.08 

33*77 

Haskell 

1+5.14 

29*25 

27*37 

44.27 

Kent 

17*52 

10*61+ 

8o05 

15.62 

Average 

Rolling  Red  Plains 

3l|ol4.6 

20.40 

19.83 

31*22 

Bailey 

26. lit 

17.56 

17*57 

31o32 

Hale 

h9  *U4 

30.89 

29.87 

57.44 

Lamb 

29.1+8 

l+Lj-J+O 

33*17 

49.13 

Average 

High  Plains 

35*02 

30*95 

26.87 

45.96 

Median  of  averages  for  all  Conservation 
Problem  Areas 

26.28 

19*35 

19.83 

23*72 

l/  TJo  So  Department  of  Commerces,  Census  of  Agricultures,  1935  and  19U5* 


Table  11  - Average  Value  per  Farm  of  Farmland  and  Buildings  in  Counties 
Representative  of  Each  Conservation  Problem  Area  l/ 


Brazos  River  Watershed 


s Conservation 

s Average  Value  per 

Farm,  Census  of* 

C ounty 

g Problem  Area 

s _ 1930 

! 1935  * 

191+0  s 

1945 

(dollars)  (dollars) (dollars) (dollars) 

Waller 

Coast  Prairie 

3,521 

3.893 

3.853 

6.911 

Brazos 

3.692 

2,993 

4.433 

4.652 

Lee 

3,419 

2,103 

2.408 

3,41 4 

Robertson 

2,852 

2,399 

3.114 

4,6o4 

Average 

Forested  Coastal  Plain 

3.321 

2.498 

3.318 

4,216 

Falls 

5.693 

3,758 

48956 

6.555 

McLennan 

7,357 

4.737 

5,755 

7.046 

Washington 

4,434 

2.548 

3,379 

4,144 

Average 

Blackland  Prairie 

5,828 

3.681 

4,697 

5.847 

Erath 

4.573 

2.693 

3,219 

5.265 

Eastland 

4.038 

2.016 

2.697 

4.552 

Average 

Cross  Timbers 

4.305 

2.354 

2,958 

4.898 

Bosque 

7.742 

5.034 

5.945 

9.296 

Hood 

4.889 

3.431 

4.189 

8,384 

Somervell 

3,302 

2.369 

2,581 

2,861 

Average 

Grand  Prairie 

5,311 

3.611 

4.258 

6 a 847 

Stephens 

9.452 

5.114 

7,210 

11,310 

Young 

8c9l4l|. 

5,133 

6.805 

10*273 

Average 

Reddish  Prairie 

9,198 

5,123 

7.006 

10,794 

Shackelford 

Edwards  Plateau 

21,190 

14.374 

16.520 

19,017 

Fisher 

9,539 

6 0 162 

7,938 

12,736 

Haskell 

lOpOlIj. 

6,86l 

7,735 

13.670 

Kent 

10.761 

7,772 

12.585 

23,186 

Average 

Rolling  Red  Plains 

iq9105 

6.932 

9,352 

16,531 

Bailey 

13.677 

8,250 

9.695 

18,48? 

Hale 

17.016 

9,822 

11,178 

22*211 

Lamb 

10.363 

8,117 

9,464 

16,087 

Average 

High  Plains 

13.685 

8,730 

10,112 

18*928 

Median  of  averages  for  all 
Conservation  Problem  Areas 

5.828 

3.681 

4.697 

6,911 

\f  U»  So  Department  of  Commerce,  Census  of  Agriculture p 1935  and  1945° 
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Table  12  - Average  Size  of  Farm  in  Counties  Representative  of  Each 

Conservation  Problem  Area  1 f 

Brazos  River  Watershed 


s Conservation  : 

Average  Size  of 

Farm,  Census 

of  s 

County 

% Problem  Area  : 

1930 

* 1935 

s 191+0  8 

194T 

(acres ) 

(acres) 

(acres ) 

(acres ) 

Waller 

Coast  Prairie 

13U 

150 

150 

205 

Brazos 

108 

136 

168 

175 

Lee 

II4.I 

145 

II46 

168 

Robertson 

ah 

108 

lk3 

189 

Average 

Forested  Coastal  Plain 

111 

130 

152 

177 

Falls 

71 

85 

110 

129 

McLennan 

89 

107 

127 

136 

Washington 

83 

8U 

82 

io4 

Average 

Blackland  Prairie 

81 

92 

106 

123 

Erath 

208 

202 

221* 

216 

Eastland 

175 

171 

20i+ 

216 

Average 

Cross  Timbers 

191 

186 

21k 

216 

Bosque 

244 

266 

286 

324 

Hood 

218 

211+ 

239 

300 

Somervell 

185 

200 

219 

249 

Average 

Grand  Prairie 

216 

227 

2I4.8 

291 

Stephens 

638 

5 88 

732 

680 

Young 

513 

309 

358 

449 

Average 

Reddish  Prairie 

478 

kha 

54 5 

565 

Shackelford 

Edwards  Plateau 

1130 

1037 

1219 

899 

Fisher 

236 

289 

330 

377 

Haskell 

220 

236 

283 

309 

Kent 

6iu 

731 

1538 

1435 

Average 

Rolling  Red  Plains 

357 

U19 

717 

724 

Bailey 

523 

470 

552 

590 

Hale 

344 

318 

374 

387 

Lamb 

233 

275 

285 

327 

Average 

High  Pla  ins 

567 

35k 

404 

435 

Median  of  averages  for  all  conservation 

problem  areas 

216 

227 

24s 

291 

l/  U«  S»  Department  of  Commerce , Census  of  Agriculture 9 1935  19U5« 
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Table  13  “ Percent  of  Land  in  Earns  s Representative  Counties  1 / 

Brazos  River  Watershed 


C ounty 

% s 

{Conservation  Problem  Areas 

Land  in  Farms » 

'i9Uo  r 

Census  ofs 

" 191+5 

( percent ) 

~Xp®rcent) 

Waller 

Coast  Prairie 

68 

76 

Brazos 

Forested  Coastal  plain 

80 

85 

Lee 

Forested  Coastal  Plain 

73 

79 

Robertson 

Forested  Coastal  Plain 

72 

7b 

Falls 

Blackland  Prairie 

87 

88 

McLennan 

Blackland  Prairie 

83 

88 

Washington 

Blackland  Prairie 

82 

87 

Erath 

Cross  Timbers 

8 b 

81+ 

Eastland 

Cross  Timbers 

78 

83 

Bosque 

Grand  Prairie 

91 

88 

Hood 

Grand  Prairie 

93 

101  2/ 

Somervell 

Grand  Prairie 

75 

ik 

Stephens 

Reddish  Prairie 

100 

no  2/ 

Young 

Reddish  Prairie 

90 

100 

Shackelford 

Edwards  Plateau 

99 

90 

Fisher 

Rolling  Red  Plains 

au 

102  2/ 

Haskell 

Rolling  Red  Plains 

96 

96 

Kent 

Rolling  Red  Plains 

121  2/ 

a b 

Bailey 

High  Plains 

85 

9b 

Hale 

High  Plains 

97 

92 

Lamb 

High  Plains 

92 

9b 

1/  Uo  S»  Census  of  Agriculture , 191+5° 

2/  The  excess  of  farm  acreage  over  land  area  is  due  to  the  fact  that 
the  entire  acreage  of  a farm  is  tabulated  as  being  in  the  county- 
in  -which  the  headquarters  is  located 9 even  though  a part  of  the 
farm  may  be  situated  in  an  adjoining  county « 


hk 


TENANCY 

In  1930  about  b9  percent  of  the  farmland  in  the  -watershed  was 
operated  by  tenants „ but  by  191+5  this  percentage  had  declined  to  i+1  per- 
cent  (table  ll+.)o 

Table  ll+  - Percent  of  Farmland  Operated  under  Each  Type  of  Tenure  l/ 

Brazos  River  Watershed 


Tenure  of 
Operator 

0 

Farmlands  Census 

Of  8 

c 

0 

1930 

...  1935  . 

~Mo  ~ 

...  19M 

0 

0 

(percent) 

g (percent)  % 

(percent)  g ( 

percent) 

Owner 

0 

0 

39 

1+3 

1+5 

50 

Tenant 

0 

0 

h9 

1+8 

1+5 

bl 

Manager 

a 

O 

0 

12 

9 

10 

9 

Total 

O 

9 

D 

C 

O 

0 

100 

100 

100 

100 

1 / U«  So  Census B 

1930  s 

Uo  So  Census  of  Agriculture  1935  and  191+5 

These  data  become  important  when  consideration  is  given  to  the  fact 
that  land  uses  and  farming  practices  on  tenant -operated  farms  are  often 
conducive  to  accelerated  erosion  and  increased  flood  flows » Tenants  use 
their  farmland  more  intensively  than  owner-operators  and  are  less  inclined 
to  cooperate  in  conservation  programs  designed  to  reduce  soil  loss  and  run= 
off*  Therefore 9 the  decrease  in  tenancy  should  facilitate  obtaining  farmer 
cooperation  in  the  recommended  programo 

LAND  USE 

The  map  (figure  5)  shows  the  intensity  of  use  for  which  each  area  is 
suited  and  the  intensity  of  treatment  needed  to  prevent  further  decline  in 
value  and  productivity*  These  lands  can  support  a permanent  agriculture 
of  the  type  recommended ^ provided  the  proposed  type  of  use  and  treatments 
are  adopted  with  reasonable  promptness*  Otherwise , severe  damage  may  occur 
to  present  land  resources* 

INDUSTRIES 

Business  enterprises  closely  connected  with  agriculture  (such  as  cot~ 
ton  gins  and  compresses 8 grain  elevators s and  textile  mills)  have  a major 
effect  on  the  economy  of  the  Brazos  River  Watersheds  but  other  industries 
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have  considerable  importance*  The  estimated  production  of  oil  in 
the  watershed^  during  the  year  ending  August  yi  , 19 was  about 
38,000,000  barrels * There  are  about  18,500  wells  l/  located  in  the 
38  oil-producing  counties  lying  within  or  partially  within  the  water- 
shed* Pottery,  brick,  cement , coal,  wallboard  and  various  other 
products  are  locally  important  industrial  enterprises*  Large  deposits 
of  sulphur  are  mined  in  Brazoria  and  Ft*  Bend  counties  and  there  are 
large  undeveloped  deposits  of  a variety  of  minerals  in  the  water shed 0 

Electric  power  plants  , having  a combined  generating  capacity  of 
about  116,000  kilowatts  \J 9 are  located  within  the  watershed 0 Thir- 
teen railroad  companies  serve  the  area  with  main  and  branch  lines 
while  an  adequate  network  of  roads,  power  lines,  oil  and  gas  pipe- 
lines, and  airlines  extend  throughout  the  watershed 0 Freeport  Harbor 
and  the  Gulf  Intercoastal  Waterway  provide  ocean-going  and  barge 
navigation  to  the  Freeport-Velasco  area* 

SOIL  CONSERVATION  DISTRICTS 

The  Soil  Conservation  Service  is  furnishing  technical  assistance 
to  the  1+8  soil  conservation  districts  which  are  organized  in  the  water- 
shed • These  districts  embrace  all  but  a few  square  miles  in  Comanche, 
Eastland  and  Taylor  counties  (figure  6)*  It  is  expected  that  within  a 
few  years  the  remaining  area  will  be  included  within  the  present  dis- 
tricts and  will  also  be  receiving  technical  assistance*  a : . 

RESERVOIRS,  LEVEES  AND  OTHER  IMPROVEMENTS 

A plan  has  been  recommended  by  the  Department  of  the  Army,  Corps 
of  Engineers,  for  several  improvements  on  the  Brazos  River  and  tribu- 
taries for  flood  control,  navigation  and  allied  purposes*  Construc- 
tion has  begun  on  Whitney  Reservoir  on  the  main  Brazos  River  and  at 
the  Belton  site  on  the  Lower  Leon  River*  In  addition  six  reservoirs 
are  recommended 1 Waco  on  the  Bosque  River,  Proctor  on  the  Leon  River, 
Lampasas  on  the  Lampasas  River,  Laneport  on  the  San  Gabriel  River, 
Somerville  on  Yegua  Creek  and  Ferguson  on  the  Navasota  River*  These 
reservoirs  will  have  a combined  flood  control  storage  capacity  of 
U, 223*000  acre-feet  * Their  purpose  is  for  flood  control,  conservation 
and  power* 

Channel  improvements  to  decrease  flood  damage  have  been  authorized 
on  the  Upper  Leon  River  at  Eastland  and  Mill  Creek  near  Bellville,  and 
recommended  on  Sulphur  Creek  at  Lampasas*  Many  improvements  have  been 
constructed  at  Freeport  and  Velasco  and  others  are  being  considered  in 
the  same  area  in  the  interest  of  navigation* 

T7  Report  on  Survey  of  Brazos  River  and  Tributaries,  Texas  1 Oyster  Creek, 
Texas 5 Jones  Creek,  Texas*  Department  of  the  Army*  Corps  of  Engineers 
U*  So  Engineers  Office,  Galveston,  Texas*  Unpublished* 
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There  are  numerous  levee  systems  in  the  lower  reaches  of  the 
Leon,  Little  and  Brazos  Rivers  which  have  been  constructed  by  private 
interests®  The  Corps  of  Engineers  recommends  construction  and  repair 
of  levees  to  relieve  flood  damage  in  Burleson  County® 

Possum  Kingdom  reservoir  is  the  only  large  reservoir  in  the  water- 
shed o This  has  a storage  capacity  of  733  s 800  acre-feet  of  which  547^500 
acre-feet  is  used  for  electric  power®  This  dam  was  constructed  by  the 
Brazos  River  Conservation  and  Reclamation  District  in  1942  at  a cost  of 
$8,677 s000e  This  reservoir  has  a beneficial  effect  on  flood  damage 
potentialities  for  some  distance  downstream® 


IRRIGATION  AND  DRAINAGE 

There  are  approximately  12  counties  in  the  High  Plains  area  in 
which  there  is  extensive  development  of  irrigation  from  shallow  ground- 
waters*  l/  This  irrigated  area  is  predominately  in  the  non-contributing 
area®  The  intensity  of  groundwater  use  is  shown  by  the  statistics  from 
five  counties  which  are  almost  entirely  within  the  Brazos  River  Water* 
shed®  In  1940  there  were  over  2,600  farms  with  about  85^000  irrigated 
acres  within  these  5 counties o During  and  after  the  last  war  the  acres 
under  irrigation  have  increased  very  rapidly® 

Rice  culture  under  irrigation  with  water  from  the  Brazos  River  is 
practiced  within  and  adjacent  to  the  watershed  in  Brazoria , Fort  Bend*, 
Galveston  and  Waller  counties®  Four  companies  have  permits  to  appro- 
priate about  240,000  acre-feet  annually  from  the  Brazos  River  for  the 
irrigation  of  120,000  acres.  On  the  average  about  197^000  acres  are 
under  canals  and  about  70,450  acres  are  irrigated®  2/ 

Other  small  irrigation  projects  for  individual  fields  or  farms  are 
scattered  throughout  the  watershed®  Investigations  are  projected  by  the 
Bureau  of  Reclamation  for  several  irrigation  developments  in  the  Little 
River  and  the  Clear  Fork  and  Double  Mountain  Fork  of  the  Brazos  River® 

Six  drainage  districts  have  been  organized  and  various  improvements 
constructed  in  Fort  Bend  and  Brazoria  counties®  3/  Most  of  these  dis- 
tricts are  solvent  and  are  maintaining  their  improvements  but  they  are 
hampered  by  lack  of  adequate  main  outlets®  Improvement  or  rehabilita- 
tion of  the  existing  systems  is  necessary  to  secure  full  usage  of  the 


y Ground  Water  and  Irrigation  in  the  High  Plains  of  Texas , USDAs 
Soil  Conservation  Service,  Western  Gulf  Region,  1947° 

2/  Report  on  Survey  of  Brazos  River  and  Tributaries,  Texasi  Oyster, 
Creek,  Texas?  Jones  Creek,  Texas®  Department  of  the  Army,  U®  So 
Corps  of  Engineers,  Galveston,  Texas,  unpublished® 

3/  Report  of  Drainage  Surveys  (l)  Brazoria -Galveston  Soil  Conservation 
District,  Texas,  1947  (2)  Coastal  Plains  Soil  Conservation  District, 
Texas,  1947 , Soil  Conservation  Service®  Western  Gulf  Region. 
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land0  In  Fort  Bend  County  there  are  over  14.63,000  acres  feasible  for 
drainage  improvement  while  in  Brazoria  County  there  are  61j.5i>OOOo  1/ 
These  figures  include  some  areas  outside  of  the  Brazos  River  Watershed 
boundary 9 


\J  Report  on  Reconnaissance  Drainage  Survey  of  Region  be  U®  S«  Do  A®, 
Soil  Conservation  Service,  Western  Gulf  Region,  19U8® 
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APPENDIX  III 
HYDROLOGY 

GEHERAL  METHODOLOGY 


Reductions  in  runoff  in  the  Brazos  River  Watershed  resulting 
from  the  recommended  program  were  determined  through  the  procedures 
described  on  the  following  pages. 

In  order  to  study  the  headwater  tributaries  in  relation  to 
their  contributing  watersheds*  eight  sample  tributary  watersheds* 
averaging  122  square  miles  in  drainage  area  were  selected®  These 
watersheds  were  considered  representative  of  the  conservation  prob- 
lem areas  in  which  they  are  located®  Among  the  characteristics 
considered  were  topography*  soils*  land  use*  precipitation*  and  type 
of  flood  plain®  Ho  runoff  records  were  available  for  such  headwater 
areas  and  a method  was  devised  for  estimating  sample  tributary  run- 
off by  applying  rainfalls  from  selected  precipitation  gages  and  re- 
lating these  values  to  the  resulting  stream  flow®  All  storms  pro- 
ducing damaging  floods  during  the  15-year  period*  1933-1947  were  used® 
From  this  series*  depths  of  runoff  were  computed  for  the  present  and 
future  conditions  which  will  prevail  after  installation  of  the  recom- 
mended program.  The  reductions  in  runoff  were  determined  from  records 
made  on  experimental  areas  of  similar  cover  and  soil  conditions® 

These  methods  used  in  the  study  of  sample  tributaries  were  also  used 
for  all  tributaries  not  having  records  of  stream  flow  measurements. 

A relationship  between  surface  runoff  and  the  probable  peak  in 
stream  flow  was  established  from  examination  of  highwater  marks  and 
by  comparison  with  flows  in  similar  streams®  The  area  inundated  was 
computed  by  depth  increments  and  the  corresponding  value  of  flood 
plain  damages  was  determined  for  each  flood  producing  storm  of  the 
series®  Separate  computations  were  made  to  determine  the  areas  in- 
undated by  each  flood  after  installation  of  the  recommended  program. 

The  reductions  in  average  annual  damage  on  the  flood  plains  of 
the  main  streams  resulting  f rom  the  recommended  program  were  computed 
as  described  in  the  following®  Tftiere  stream  gage  records  were  avail- 
able the  damage  producing  flood  series  was  determined  from  the  flood 
flows  shown  in  the  records®  The  depths  of  runoff  from  the  contributing 
watershed  were  calculated  for  each  damage  producing  flood  and  the  re- 
duced depths  of  runoff  resulting  from  installation  of  the  recommended 
program  and  annual  damage  and  benefits  were  computed  by  the  same  method 
used  for  sample  tributaries® 

Ho  damages  or  benefits  were  computed  for  that  portion  of  the  Brazos 
River  flood  plain  below  Possum  Kingdom  Reservoir  except  where  damages 
were  caused  by  floodwaters  from  certain  tributary  streams© 
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The  probable  effects  on  stream  flow  rates  and  volumes  of  the 
installation  of  the  recommended  program  were  considered.  This  con- 
sideration was  prompted  largely  by  the  fact  that  during  periods  of 
low  flow  the  discharge  of  the  Brazos  River  is  inadequate  to  meet  ir- 
rigation needs. 


Present  knowledge  provides  no  reliable  means  of  computing  with 
acceptable  accuracy  the' change  in  total  annual  stream  discharge  to  be 
expected  on  large  watersheds  as  a result  of  the  recommended  measures . 
Many  instances  of  observed  increases  in  minimum  stream  flow  have  been 
reported,  but  quantitative  experimental  data  are  lacking.  A study  of 
the  rock  structures  in  the  Grand  Prairie,  West  Cross  Timbers,  Forested 
Coastal  Plain  and  East  Cross  Timbers  indicates  that  substantial  addi- 
tions will  be  made  to  shallow  ground  water  aquifers,  which  would  ap- 
pear  as  increased  low  water  flow. 

In  general,  it  may  be  assumed  that  the  volume  of  stream  discharge 
involved  in  the  reduced  peak  of  the  flood  hydrograph  will  be  relatives 
ly  small  in  the  tributaries  characterized  by  flash  floods . Of  the 
water  removed  from  the  peak  of  the  flood  hydrograph,  a large  portion 
will  be  infiltrated  into  the  soil  and  move  below  the  surface  toward 
the  stream  beds.  This  sub-surface  discharge  may  begin  in  small  water- 
sheds within  a few  hours  after  the  period  of  infiltration  and  may  con- 
tinue in  larger  watersheds  for  a number  of  weeks . Geologic  formation 
and  soil  characteristics  are  important  factors  governing  the  sub- surface 
flow  and  tend  to  complicate  any  attempt  toward  a complete  hydrologic 
analysis  of  larger  watersheds.  It  is  believed,  however,  that  the  base 
flow  in  streams  will  be  increased  by  the  application  of  the  recommended 
measures  and  that  proportionally  this  increase  will  be  greater  during 
periods  of  critically  low  flow. 

An  estimate  was  made  of  the  potential  decrease  in  annual  stream 
discharge  due  to  evaporation  from  the  permanent  pools  of  the  recom- 
mended floodwater  retarding  structures  on  the  Brazos  River  Watershed. 

No  allowance  was  made  for  seepage  and  the  underground  escape  of  water 
from  the  reservoirs.  In  some  parts  of  the  watershed  seepage  from  the 
structures  may  result  in  an  appreciable  increase  in  the  delayed  return 
flow  into  streams,  with  accompanying  benefits.  The  maximum  probable 
loss  from  the  structures  during  the  period  of  June  through  August  would 
be  28,800  acre-feet,  based  on  the  average  evaporation  of  21. 14.  inches 
at  Temple.  If  runoff  occurred  on  the  watershed  during  this  period 
with  such  distribution  as  to  completely  replenish  the  conservation  pools 
of  all  the  structures,  the  average  total  discharge  of  the  Brazos  River 
at  Richmond  for  the  5 years  of  least  flow  would  be  reduced  8.9  per- 
cent. The  average  annual  discharge  at  Richmond  would  be  reduced  1«3 
percent  as  a result  of  evaporation.  Since  rainfalls  are  not  general 
on  areas  the  size  of  the  Brazos  River  Watershed  during  times  of  criti- 
cal moisture  deficiency,  it  is  probable  that  the  maximum  reduction 
estimated  will  be  experienced  only  at  very  infrequent  intervals* 
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It  is  expected  that  the  regulation  of  stream  flow  of  the  Brazos 
River  by  the  flood  control  and  power  reservoirs  which  will  be  installed 
by  the  Corps  of  Engineers  will  overshadow  the  effects  of  the  soil  con= 
servation  practices  and  floodwater  retarding  structures  and  other  me&~ 
sures  recommended  in  this  report o 


BASIC  DATA 

Precipitation  Records 

Precipitation  records  were  obtained  from  MClimatological  Data” 
published  by  the  U0  So  Department  of  Commerce 9 Weather  Bureau©  The 
stations  and  their  period  of  record  are  shown  in  figure  7s  and  their 
locations  in  figure  80  These  stations  have  good  records  of  five 
years  or  more  during  the  period  1933 “19U?  and  were  in  operation  at  the 
close  of  19h7  ° There  have  been  about  200  additional  stations  with  oXda 
short  or  fragmentary  periods  of  record  operating  in  or  near  the  Brazos 
River  Watershed  that  are  not  shown  in  the  figures  mentioned © 

Average  annual  precipitation  was  determined  from  Weather  Bureau 
published  records  for  7h  stations  having  long  periods  of  operation 
(figure  9) o The  records  published  as  of  December  31s  19^4-7  are  based 
on  average  annual  rainfall  computed  for  the  entire  period  of  record 
through  I9k2  except  for  first=order  Weather  Bureau  stations  which  are 
based  on  adopted  normals 0 Figure  10  shows  average  annual  monthly  pre° 
cipitation  at  four  locations  representing  the  range  of  climates  found 
in  the  watershed© 

Stream  Flow  Records 

Stream  flow  records  used  to  establish  the  relationship  between 
rainfall  and  runoff  used  in  the  analysis  were  obtained  from  water” 
supply  papers  published  by  the  Geological  Survey©  The  stream  gaging 
stations  in  the  Brazos  River  Watersheds  and  their  period  of  operation 
are  shown  in  figure  11 o The  locations  of  these  stations  are  shown  in 
figure  8o  Reservoir  level  stations  are  included  in  the  same  figures© 
Stream  discharge  information  for  many  of  the  stations  is  shown  in 
table  15 o Data  from  records  published  by  the  Geological  Survey  were 
used  to  compute  the  values  of  average  annual  runoff  shown  in  the  table© 

Flood  Plain  Data 

Surveys  were  made  in  numerous  sample  and  main  tributary  streams  to 
find  the  relationship  between  stream  channels  and  flood  plains  * and  to 
determine  stream  gradients©  These  investigations  included  the  surveying 
of  139  valley  cross  sections s along  773  miles  of  the  streams  as  shown 
in  figure  12©  In  addition  78  locations  were  surveyed  to  permit  investi™ 
gation  of  sites  for  small  upstream  floodwater  retarding  structures© 
Extensive  use  was  made  of  aerial  photographs  in  this  phase  of  the  survey© 
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Figure  12 

LOCATION  OF 

WATERSHED  INVESTIGATIONS 
BRAZOS  RIVER  WATERSHED  - TEXAS 

U S DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 

H H BENNETT -CHIEF 

REGION  4 CONSERVATOR  LOUIS  P MERRILL 
Interim  Sur vty  Report*.  Broro*  River  Woltrrted,  L'ttle  River  8 BojgueRiver 

“asasr  — — 


Sii" 

zl  Non-confribufing 


LEGEND 
Sample  tributary. 

Farm  management  investigation. 

Range  condition  investigation,  additional. 
O Reconnaissance  lake  sedimentotion  survey. 
® Detailed  lake  sedimentation  survey, 
vs  Volley  sedimentation  survey. 

> — ~ 1 Hydrologic  investigations. 

Damage  investigations. 
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Infiltration  and  Runoff  Data 

Reductions  in  runoff  were  determined  from  analysis  of  research 
results  from  the  soil  conservation  experiment  stations  near  Tyler  and 
Temple,  Texas,  and  from  the  experimental  hydrologic  watersheds  near 
Waco  and  Garland,  Texas*  These  data  were  collected  and  correlated  by 
the  Hydrologic  Plans  Section  of  the  Soil  Conservation  Service « They 
were  used  to  develop  curves  showing  the  reduction  in  runoff  to  be 
expected  from  the  installation  of  land  treatment  or  conservation  mea- 
sures on  a watershed*  The  basic  relationships  of  precipitation  and 
runoff  were  determined  from  the  stream  gages  in  tributaries  most  nearly 
representative  of  areas  to  be  studied*  The  effects  of  season,  average 
daily  rainfall  intensities  and  antecedent  rainfall  on  runoff  were 
evaluated  and  were  used  in  applying  the  relationships  developed  to 
the  damage  producing  storm  series* 


CALCULATION  OF  FLOOD  REDUCTIONS 

• £ 

Rainfall ^Runoff  Relationship 

The  relationship  between  rainfall  and  runoff  was  determined  in 
the  following  manner*  Total  rainfall  was  computed  on  the  contributing 
watershed  using  the  Thiessen  Weighting  method  and  this  amount  was 
plotted  opposite  the  computed  runoff®  In  tributaries  having  usable 
stream  flow  records,  the  depth  of  runoff  on  the  contributing  drainage 
area  was  calculated  by  converting  the  areas  under  the  hydrographs  of 
stream  rises  caused  by  typical  storms*  These  values  representing  run- 
off were  plotted  opposite  the  precipitation  causing  the  runoff,  as 
referred  to  in  the  foregoing®  The  selection  of  typical  storms  was  made 
to  reflect  the  varying  conditions  of  amount,  duration,  intensity  and 
distributation  of  rainfall  and  the  proximity  of  preceding  storms®  It 
was  noted  that  the  plotted  points  usually  fell  in  one  of  two  groups* 

The  first  group,  designated  as  high  runoff  producing  storms,  was  com- 
prised of  storms  having  either  a high  daily  average  intensity,  those 
starting  when  soil  moisture  was  high  or  those  occurring  vdien  a combi- 
nation of  both  conditions  resulted  in  a relatively  large  proportion 
of  runoff*  The  second  group,  referred  to  as  low  runoff  producing 
storms,  included  storms  having  lower  intensities  and  occurring  when 
soil  moisture  was  less  which  resulted  in  a smaller  proportion  of  run- 
off. 


The  proper  classification  of  each  storm  as  to  high  or  low  runoff 
producing  characteristics  was  found  by  totaling  intensity  and  antece- 
dent rainfall  factors*  These  values  were  compared  with  the  limits 
a.dopted  for  the  high  and  low  producing  groups  based  on  the  plotted 
positions  of  the  typical  storms. 

To  determine  the  intensity  factor  for  each  storm  the  total  depth 
of  rainfall  in  the  storm  period  was  divided  by  the  number  of  days  of 
rain*  This  daily  average  was  then  multiplied  by  10  for  convenience  in 
use.  As  a measure  of  soil  moisture  the  antecedent  rainfall  which  oc- 
curred during  the  10  days  preceding  the  first  day  of  the  storm  under 


■ 


c 
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consideration  was  used©  The  amount  of  rain  on  each  day  during  the 
10  day  period  was  divided  by  the  number  of  days  by  which  that  day 
of  rain  preceded  the  storm  period*  These  results  were  totaled  for 
the  10  days  and  their  sum  was  multiplied  by  60  to  give  this- antece- 
dent  rainfall  factor  weight  for  use  with  the  intensity  factor©  In 
the  foregoing  the  days  of  rainfall  and  the  amount  of  antecedent  rain- 
fall were  determined  on  a weighted  basis  using  the  same  Thiessen 
v/eighting  factors  that  were  developed  for  computing  weighted  rain- 
fall on  the  tributary©  To  distinguish  between  antecedent  rainfall 
and  a storm  period  the  determination  was  made  on  the  following  basis© 

In  tributaries  entering  the  Brazos  below  Paluxy  Creek  the  storm  period 
was  considered  to  include  all  consecutive  days  on  which  the  rainfall 
amounted  to  0,5  inch  or  more©  In  Paluxy  Creek  and  in  tributaries 
entering  the  Brazos  upstream  from  Paluxy  Creek  the  storm  period  was 
considered  to  include  all  consecutive  days  on  vrhich  the  rainfall 
amounted  to  0o75  inch  or  more© 

The  sum  of  the  intensity  and  antecedent-  rainfall  factors  referred 
to  v/as  used  to  determine  whether  storms  in  tributaries  not  having  stream 
gage  records  were  of  high  or  low  runoff  producing  character©  This  pro- 
cedure was  unnecessary  for  those  tributaries  having  stream  gage  records 
since  it  was  possible  to  determine  runoff  directly  from  the  stream  hydro- 
graph© Throughout  the  tributaries  examined  the  value  of  the  combined 
factors  indicating  the  difference  between  the  high  and  low  runoff  pro- 
ducing storms  ranged  from  a value  of  21  for  Blackland  Prairie  tributaries 
to  a maximum  of  33  for  the  Forested  Coastal  Plains  drainage  areas© 

The  rainfall -runoff  curves  developed  at  each  stream  gage  location 
could  not  be  applied  directly  to  smaller  tributaries  because  of  the 
differences  in  conservation  problem  areas  or  evaluation  classes  (land 
use  and  cover  conditions)  between  the  areas©  The  curves  developed  for 
the  gage  locations  were  adjusted  to  the  smaller  tributaries  in  the 
following  manner © A weighted  rainfall -runoff  curve  was  prepared  for 
the  tributary  using  data  developed  from  experimental  and  small  watershed 
studies©  In  figure  13  are  shown  two  sets  of  curves  for  evaluation 
classes  in  the  Rolling  Red  Plains  and  Edwards  Plateau  conservation 
problem  areas  which  were  used  in  the  development  of  a -weighted  rain- 
fall-runoff  curve  for  Mulberry  Creek.  Table  16  shov/s  the  computations 
used  for  developing  the  curve  for  present  conditions©  The  depths  of 
runoff  in  columns  headed  l/  were  read  for  various  depths  of  rainfall 
on  the  proper  curve  in  figure  13©  The  product  of  depth  of  runoff  and 
the  fractional  part  of  the  watershed  contributing  this  runoff  represented 
the  vreighted  runoff  from  that  evaluation  class  and  was  recorded  in  the 
proper  column  headed  by  2/©  The  sum  of  all  values  in  each  column  2/  Is 
proportional  to  the  actual  runoff  to  be  expected  from  the  given  amount 
of  rain©  The  same  computations  were  completed  for  that  part  of  the  Clear 
Fork  of  the  Brazos  River  above  the  Rugent  stream  gage©  A ratio  made  by 
using  the  weighted  values  of  runoff  for  Mulberry  Creek  and  the  Clear 
Fork  was  multiplied  by  the  depth  of  runoff  from  the  same  rainfall  on 
the  drainage  area  above  the  Rugent  stream  gage©  The  rainfall -runoff 
relationship  at  Hugent  had  been  determined  by  the  method  outlined  at 
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the  beginning  of  this  section*  Table  17  shows  the  method  of  relating 
computed  runoff  to  observed  runoff  for  four  depths  of  rainfall. 


Table  17  - Correction  of  Computed  Runoff  in  Mulberry  Creek 

Brazos  River  Watershed 


Rainfall 

Ratio  1/ 

Runoff  at 
Nugent 

Corrected 
Runoff  for 
Mulberry  Creek 

(inches) 

(inches) 

(inches) 

1 

.147 

.125 

.131 

7I3C 

4 

1.70 

.790 

.823 

1.63 

8 

4.67 

2.68 

2.84 

10 

6.42 

CO 

CD 

• 

to 

4.26 

1/  Weighted  runoff  computed  for  Mulberry  Creek  for  present  conditions 
from  experimental  data  divided  by  the  value  for  the  same  conditions 
in  the  Clear  Fork  above  Nugent* 


The  values  in  the  last  column  representing  runoff  in  Mulberry  Creek , 
adjusted  to  observed  runoff  in  the  gaged  watershed  most  nearly  comparable 
to  Mulberry  Creek,  were  used  as  plotting  points  for  the  Mulberry  Creek 
rainfall -runoff  curves  shown  in  figure  14.  The  preceding  computations 
were  made  for  the  conditions  of  high  runoff  producing  storms*  The  curve 
for  low  runoff  producing  storms  was  derived  by  using  the  ratio  between 
the  high  and  low  runoff  producing  storms  on  the  area  above  the  Nugent 
gage* 


Figure  15  shows  the  relationship  used  between  depth  of  runoff  and 
peak  discharge  in  Mulberry  Creek.  This  curve  was  developed  by  determin- 
ing, by  the  slope-area  method,  the  discharge  causing  certain  highwater 
marks  found  in  the  field  survey.  This  discharge  was  plotted  opposite 
the  computed  runoff  causing  the  flow.  The  slope  of  the  curve  was  de- 
termined by  comparison  with  curves  from  similar  gaged  streams  plotted 
on  logarithmic  cross-section  paper. 
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Reduction  in  Runoff 

A curve  for  determining  the  effect  of  installation  of  the  land 
treatment  measures  on  the  runoff  to  be  expected  from  given  amounts 
of  rain  was  developed  in  the  foil  caving  manner  ® Using  the  area  of 
land  in  each  evaluation  class , revised  from  present  conditions  to 
reflect  the  amounts  of  measures  to  be  installed*  table  18  was  set 
up  for  the  oomputation  of  runoff  to  be  expected*  The  curve  was  plot- 
ted using  runoff  before  treatment*  Y*  opposite  runoff  from  the  same 
amount  of  rainfall  after  installation  of  the  land  treatment  measure* 

Yl*  as  shown  in  figure  16*  Similar  curves  were  developed  for  each 
sample  tributary  and  subwatershed  in  which  benefits  from  land  treat” 
ment  measures  were  computed®  In  the  same  figure  is  shown  the  curve 
giving  the  apparent  runoff*  Y2*  after  installation  of  floodwater  retards 
ing  structures®  The  development  of  this  second  curve  is  explained  under 
the  heading*  Floodwater  Retarding  Structures* 

Calculation  of  Flood  Occurrences  and  Magnitudes 

In  Sample  tributaries  and  small  tributaries  where  adequate 
stream  gage  records  were  not  available  the  flood  series  was  deter-- 
mined  in  the  following  manner  * All  storms  were  selected  which  were 
capable  of  producing  appreciable  runoff  in  the  tributary  under  con- 
sideration during  the  fifteen  year  period  from  January  1*  1933 
through  December  31*  1947*  Several  storms  were  eliminated  from  fur- 
ther  consideration  because  they  occurred  shortly  before  or  after 
another  flood-producing  storm*  During  the  periods  when  a damaged 
crop  could  be  replanted*  the  smaller  flood  was  eliminated  from  con- 
sideration if  two  occurred  within  15  days  of  each  other*.  These 
periods  are  February  through  June  and  the  month  of  October*  During 
the  non-replanting  periods  of  July  through  September  and  November 
through  January  only  the  largest  flood  in  each  period  was  considered 
as  being  damage  producing®  Rainfall  on  a watershed  was  determined 
from  the  records  of  precipitation  stations  located  in  or  sufficient- 
ly close  to  the  watershed  to  be  used  in  the  Thiessen  weighting  method* 

In  some  tributaries  it  was  necessary  to  use  point  rainfall  from  the 
nearest  precipitation  station  having  a long  period  of  record®  Figure 
17  shows  Mulberry  Creek  as  an  example.  Weighted  rainfall  for  the 
period  from  August  1940  through  1947  was  computed  from  the  records  of 
precipitation  at  Abilene*  Truby  and  Trent*  Prior  to  this  period*  point 
rainfall  measured  at  Abilene  was  used  since  this  was  the  only  station 
in  operation  close  enough  to  the  watershed  for  use® 

Calculation  of  Stream  Discharge*  Area  Inundated  and  Damage ® 

Stream  discharges  and  the  corresponding  depth  of  over-bank  flow 
were  computed  at  each  valley  cross-section  for  each  2-foot  stage  from 
bahkful  to  the  maximum  flood  elevation®  Table  19  shows  the  typical 
computations  used  in  the  solution  of  Manning ?s  formula  for  stream  flow 
and  the  coefficient  of  roughness  values  used  in  determining  the  dis- 
charges* The  relationship  between  discharge  and  stage  were  plotted 
as  shown  in  figure  18® 
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Figure  17 

MULBERRY  CREEK 

BRAZOS  RIVER  WATERSHED  - TEXAS 


it  ■ *5-'  ■:  ' 


' . . »*  i !■»*  --  • 


. • •<  X ' ? 


1 


74 


m 


d u 

E 

o 


^ rH 
£0  2 
A 2S 


© • 

•s  ^ 

co  • 

(S  ° 


tl  <0  ® ,0 

<k  .c  w a 
> o o 


a 


!« 


■§) 

P ^ 5 

fl  Q CO 

0)  P«  0) 


©©©<«-« 
^ Ph  0 


O >4  © I 
© O •*3' 
,d  © ©t 
•P  cfl«w  0)1 
-d  5S  ^ «Hl 

£ £ I 


£0  4->  . I 

© o ol 
^ © « 
◄ CO 


d 5 cu 

© 'd 


© >H  © ^> 
-f->  ^ ♦»  © 

•*»©©© 


© O «*» 
jd  -p>  © © 
p (S  <h  4) 


d r3  © 
t«  3 <m 
^ © 

A ^ -* 


£ 


© ® 

CD  xJ 

d o 


•H  O 

Xl  o 
© :* 
S 


•a 


© tn 
^ O 
C5  CO 


LTN  O 

€ 


3 *3 


O p fl> 

© «M 

XJ  X* 


U.  S.  D.  A.  Technical  Bulletin  No.  1^9  "Flow  of  Water  in  Drainage  Channels"  was  used  as  a guide  for  the 
selection  of  coefficients  for  the  stream  channel. 
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Figure  18 


RATING  CURVE  FOR  VALLEY  CROSS-SECTION 
NO.  3 AT  VALLEY  MILE  17.7  ON 
MULBERRY  CREEK 

BRAZOS  RIVER  WATERSHED  - TEXAS 
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The  relationship  existing  between  a given  discharge  at  the  valley 
cross-section  used  for  the  hydraulic  control  and  the  corresponding  dis- 
charge at  other  parts  along  the  stream  was  established  by  use  of  the 
theory  of  concordant  flows*  In  this  theory  it  is  considered  that  the 
peak  stream  flow  varies  at  different  points  with  the  relationship  of 
drainage  areas  raised  to  some  exponential  power*  Exponents  used  on 
the  various  streams  varied  from  0®2 6 to  0*90  as  determined  by  compari- 
son of  stream  gage  records  or  of  discharge  rates  computed  from  high- 
water  marks  found  in  the  field  survey*  The  range  in  values  used  for 
the  exponent  illustrate  the  extreme  effect  of  drainage  pattern  and 
valley  storage  on  stream  flows  found  in  the  Brazos  River  'Watershed® 

By  use  of  this  theory*  flow  factors  were  computed  for  each  cross- 
section*  The  use  of  these  factors  permit  the  translation  of  any  flow 
at  the  control  section  to  equivalent  flow  at  the  various  cross-sections 
as  shown  for  Mulberry  Creek  in  table  20, 

The  method  described  in  the  foregoing  for  computing  stream  dis- 
charge at  various  points  was  used  in  all  tributaries  and  subwatersheds 
examined  except  in  the  lower  part  of  the  Clear  Fork  of  the  Brazos®  In 
this  reach  the  stream  gage  records  available  at  ITugent*  Fort  Griffin 
and  Crystal  Falls  were  used  directly  to  determine  the  magnitude  of 
each  flood  used  in  the  damage -producing  series  at  each  gage  location* 

The  rates  of  discharge  at  points  between  the  gages  were  considered  to 
vary  in  proportion  to  the  size  of  drainage  area®  A straight  line 
relationship  was  used  which  was  obtained  by  plotting  discharge  against 
drainage  area  on  log-log  coordinates® 

The  area  of  inundation*  exclusive  of  channel*  was  computed  by 
2-foot  depth  increments*  from  zero  to  six  feet*  for  each  reach  repre- 
sented by  each  cross-section®  These  areas  were  computed  for  each 
2-foot  stage  at  the  flood  plain  control  section®  The  concordant  flow 
factor  and  the  section  rating  curves  already  described  were  used  to 
determine  the  stage  at  each  cross-section  properly  associated  with  the 
stage  at  the  control  section®  Table  20  shows  the  acres  inundated  in 
Mulberry  Creek  sample  tributary  for  the  707-foot  stage.  These  areas  were 
obtained  by  measuring  on  each  cross-section,  similar  to  figure  19*  the 
width  of  valley  inundated  in  each  depth  increment®  These  widths  were 
converted  to  acres  by  multiplying  with  the  length  factor  determined  for 
each  cross-section  and  the  results*  when  totaled*  -were  tabulated  for  use 
with  the  damage  factors  as  is  explained  later®  In  addition*  it  was  neces- 
sary to  determine  areas  flooded  in  unsurveyed  small  tributaries  to  the 
main  stream®  This  was  done  by  prorating  areas  inundated*  by  depth  incre- 
ments, from  the  surveyed  cross-sections  to  the  unsurveyed  reaches  on  the 
basis  of  similarity®  This  proration  was  made  either  on  a linear  or  size 
of  drainage  area  basis  as  found  most  suitable  from  field  observation* 

The  value  of  damage  caused  In  the  tributaries  and  main  streams  was 
calculated  according  to  the  season  in  which  the  flood  occurred*  as  shown 
in  table  21®  The  total  value  of  damage  and  the  total  area  inundated  v/ere 
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Based  on  ratio  of  drainage  areas  and  concordant  flow  exponent  of  0 o'J 
Acres  flooded  per  one-foot  of  valley  widths 

Prorated  areas  on  minor  headwater  streams  similar  to  surveyed  stream 
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plotted  opposite  the  inches  of  runoff  causing  the  stage  associated  with 
the  damage  as  illustrated  in  figure  20.  Similar  curves  (figure  21) 
were  computed  to  show  total  damage  above  and  below  floodwater  retarding 
structures  after  they  are  constructed.  No  damage  was  computed  for  the 
area  flooded  by  these  structures. 

The  storm  series  used  for  studying  the  flood  damage  in  Mulberry 
Creek  is  shown  in  table  22.  A brief  outline  of  the  source  of  the  data 
in  the  table  is  given  in  the  following.  The  development  of  the  criteria 
enabling  designation  of  each  storm  as  being  a high  or  low  runoff  producer 
has  been  explained  in  the  preceding  section  "Rainfall-Runoff  Relationship. 
Using  this  designation  the  appropriate  line  was  read  on  figure  1)4  opposite 
the  amount  of  precipitation  shown  in  order  to  obtain  the  value  of  Y,  or 
depth  of  runoff  in  inches  for  present  conditions  of  land  use.  The  total 
area  inundated  and  the  value  of  damage  vrere  taken  from  the  appropriate 
curves  in  figure  20.  The  depth  of  runoff,  Yl,  after  the  affect  of  install 
ation  of  land  treatment  measures  was  read  from  the  proper  curve  in  figure 
16  the  area  inundated  and  the  value  of  damage  were  then  obtained  from 
figure  20.  The  apparent  runoff  (meaning  of  this  term  is  explained  in  the 
following  section)  after  installation  of  floodwater  retarding  structures 
was  read  from  the  proper  curve  on  figure  21  and  the  new  area  flooded  and 
the  value  of  damage  ms  obtained  by  totaling  the  values  read  from  the  two 
sets  of  curves  on  figure  21.  The  average  annual  damage  ms  computed  for 
the  conditions  prior  to  treatment,  after  installation  of  the  land  treat- 
ment measures,  and  after  installation  of  the  recommended  program.  These 
values  were  applied  to  the  areas  considered  similar  to  the  sample  as  ex- 
plained in  Appendix  IV  and  were  summarized  by  subwatersheds  (figure  3)* 

The  subwatersheds  were  selected  on  the  bases  of  drainage  area  character- 
istics, hydrologic  controls  (such  as  reservoirs  or  stream  gages)  and 
damages . 

The  foregoing  procedure  as  outlined  for  Mulberry  Creek  was  repeated 
for  all  subwatersheds  and  small  tributaries  in  which  flood  damages  were 
examined  except  that  the  damage  producing  series  and  runoff  were  deter- 
mined from  stream  gage  records,  when  available,  instead  of  from  rainfall. 

In  the  lower  Clear  Fork  between  Nugent  and  Crystal  Falls,  as  has 
been  explained,  the  theory  of  concordant  flow  was  not  employed.  Be- 
cause each  flood  was  routed  separately  through  this  reach  the  damage 
curves  referred  to  were  not  used.  Instead  areas  inundated  by  depth 
increments  were  computed  at  each  cross-section  and  these  areas  were 
used  with  the  corresponding  damage  factors  to  determine  the  total  damage 
for  each  flood. 

In  the  foregoing,  references  to  the  recommended  program  imply  the 
use  of  various  combinations  of  measures  in  different  tributaries.  The 
effect  of  installation  of  land  treatment  or  conservation  measures  was 
evaluated  in  all  tributaries.  The  proposed  amounts  of  these  measures 
varies  between  tributaries,  and  the  effect  of  such  variation  is  re- 
flected in  the  rainfall-runoff  relationship  developed  for  the  tributaries. 
The  influence  of  floodwater  retarding  structures  on  flood  damage  was 
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evaluated  in  those  tributaries  having  sites  available.  The  installa- 
tion of  structures  was  included  as  a part  of  the  recommended  program 
in  only  those  areas  where  the  benefit  from  the  expected  reduction  in 
flooding  would  justify  the  expense  of  installation  and  maintenance. 

In  the  same  manner  the  justification  for  channel  improvement  was 
examined  in  several  tributaries  and  the  recommendation  for  the  extent 
of  application  of  this  measure  was  made  dependent  on  the  benefit-cost 
ratio  found  in  these  examinations. 

The  maximum  areas  of  inundation  as  determined  for  the  largest  flood 
in  the  damage -producing  series  used  in  each  of  the  sample  tributaries 
are  shown  in  table  23.  Sample  tributaries  from  the  Little  River  and 
Bosque  River  Watershed  Surveys  are  included  in  this  table. 


Table  23.  Area  Inundated  in  Sample  Tributaries 
Brazos  River  Watershed 


Conservation  Problem  Area 

Sample 

Tributary 

Area 

Inundated  1/ 

(percent) 

Reddish  Prairie 

Colony 

5o98 

Reddish  Prairie 

Palo  Pinto 

2.23 

Reddish  Prairie 

Keechi 

1.87 

Cross  Timbers 

Duncan 

3.89 

Cross  Timbers 

Worth  Bosque 

5.35 

Grand  Prairie 

Dodds 

70  65 

Grand  Prairie 

School 

3ol5 

Grand  Prairie 

Weil 

4o23 

Grand  Prairie 

Harris 

6.11 

31  acid  and  Prairie 

Darrs 

5®22 

Blackland  Prairie 

Ofpossum 

4*97 

B1  acid  and  Prairie 

Sc  Bosque 

3.85 

Blackland  Prairie 

Hew  Years 

4.37 

Blackland  Prairie 

Havas ota 

10.82 

Forested  Coastal  Plain 

Hails 

9.11 

Rolling  Red  Plains 

Mulberry 

5. 63 

Rolling  Red  Plains 

Lake 

7.03 

l/  The  area  inundated  by  the  maximum  flood  in  the  damage -producing 
flood  series „ expressed  as  percent  of  drainage  area. 
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Channel  Improvement 


Investigations  were  made  to  determine  the  need  for  improving 
channel  capacities  in  a number  of  streams  in  the  Blackland  Prairie 
area  of  the  watershed.  The  curve  shown  in  figure  22  ms  used  as  a 
basis  for  determining  the  minimum  desirable  capacity  of  channels. 

This  curve  represents  the  mean  between  the  maximum  and  minimum 
curves  for  hill  areas  developed  for  the  Texas  Gulf  Coastal  area 
by  the  Water  Conservation  Division  of  Region  4,  Soil  Conservation 
Service.  Flooding  will  not  be  eliminated  by  the  provision  of  channel 
capacities  found  necessary  by  use  of  this  curve;  but  the  duration  of 
inundation  will  be  shortened  sufficiently  to  avoid  damage  to  crops 
because  of  poor  drainage.  The  benefits  to  be  expected  from  channel 
improvement  were  determined  by  comparing  damages  resulting  from  inun- 
dation by  a flood  series  before  installation  of  the  improvement  with 
the  damage  remaining  after  the  improvement. 

Channels  were  estimated  on  the  basis  of  2 on  1 side  slopes  and 
capacities  were  computed  using  Manning  ?s  formula  with  the  *n*  value 
of  .03  for  grazed  sod  in  good  condition.  Allowance  was  made  for 
usable  old  channel  and  it  was  found  that  excavated  material  would 
balance  the  quantity  of  fill  needed  to  level  all  the  flood  plain, 
except  for  the  unused  portion  of  the  main  channel.  Computations 
were  based  on  valley  cross-sections  surveyed  for  use  in  the  examina- 
tion of  flood  damage  and  benefits. 


The  need  for  channel  improvement  was 
subwatersheds  s 

investigated  in  the  follow- 

Castleman  Creek 

3.2 

miles 

Navas ota  Sample  watershed 

6.3 

ii 

Navas ota  River 

21.0 

« 

Tehuacana  Creek 

11.9 

tt 

New  Years  Creek 

22.9 

it 

Turkey  Creek 

6.4 

" i/ 

Castleman  Creek  was  considered  typical  of  small  streams  with 
inadequate  channels  entering  the  Brazos  River  directly.  In  addition 
there  are  5 other  small  streams  similar  to  Castleman  in  which  a total 
of  4 miles  of  channel  should  be  improved.  The  size  of  drainage  area 
of  Castleman  Creek  and  the  similar  subwatersheds  averages  22  square 
miles. 


Channel  improvement  was  estimated  for  unsurveyed  streams  by 
comparison  with  survey  streams  as  follows? 

Pond  Creek  21  miles 

Fast  Fork  of  Mill  Creek  15  miles 

Navas ota  River  tributaries  14  miles 

The  average  size  drainage  area  of  the  above  streams  is  about 
120  square  miles. 


l/  Little  River  Watershed  Survey. 
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Floodwater  Retarding  Structures 

Field  reconnaissance*  site  surveys*  and  additional  analysis 
revealed  that  sites  for  a system  of  retarding  structures  are  avail- 
able in  a number  of  the  subwatersheds.  Areas  in  which  floodwater 
retarding  structures  are  recommended  are  shown  in  figure  29*  page  187 . 

The  examination  of  the  effect  on  flood  damage  of  the  floodwater 
retarding  structures  in  Mulberry  Creek  is  given  as  an  example  of  the 
method  of  analysis  used.  However*  it  appears  at  the  present  time 
that  such  structures  cannot  be  included  economically  as  a part  of 
the  recommended  program  in  Mulberry  Creek  and  similar  areas. 

The  weighted  amount  of  floodwater  retarding  storage*  on  the 
entire  sample  tributary*  was  computed  as  shown  in  table  24® 


Table  24.  Storage  Capacity  of  Floodwater  Retarding  Structures 

Mulberry  Creek 
Brazos  River  Watershed 


• 

• 

Location  : 

• "" 

• 

Floodwater 

• 

0 

Retarding  Storage  s 

• 

♦ 

Drainage  Area 

£ 

: Product 

(site  no.) 

(acre-feet) 

(inches  of  runoff) 

(sq»  miles) 

(inch-miles) 

2 

898 

3.62 

4.65 

16.83 

3 

813 

2.20 

6.93 

15.25 

4 

2817 

2.49 

21.21 

52.31 

5 

515 

3.62 

2.67 

9.67 

6 

1120 

3 • 62 

5.80 

21.00 

7 

1597 

3.62 

8.27 

29.94 

8 

761 

3.62 

3.94 

14.26 

9 

1508 

3.62 

7.81 

28.27 

10 

898 

3.62 

4.65 

16o  83 

Totals 

65.93 

204.86 

Weighted  depth  of  runoff 

= 204.86  - 3.11  inches. 

65.93 

The  apparent  reduction  in  runoff  in  Mul berry  Creek  resulting  from 
the  9 proposed  structures  under  conditions  of  uniform  rainfall  was 
computed  in  the  following  manner.  The  terns  "apparent  runoff”  or  ”Y2W 
as  used  in  this  appendix  refer  to  the  depth  of  runoff  which  would  be 
required  to  produce  a given  flow  after  installation  of  the  retarding 
structures.  This  expression  is  in  recognition  of  the  fact  that  there 
is  no  actual  reduction  in  total  runoff  resulting  from  this  part  of  the 
program. 
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Release  flow  ms  estimated  at  the  average  rate  required  to  drain 
a full  reservoir  in  144  hours®  To  release  the  weighted  value  of  3*11 
inches  of  detention  storage  in  Mulberry  Creek  the  a to rage  rate  of  dis- 
charge would  be  918  second  feet*  or  13® 9 second  feet  per  square  mile 
of  drainage  area  above  the  structures®  The  depth  of  runoff  required 
to  create  such  stream  discharge  was  determined  to  be  0*052  inches  from, 
the  runoff -dis charge  (Y-Q)  relationship  established  for  Mulberry  Creek® 
The  release  rate  in  some  tributaries  was  estimated  at  the  rate  neces- 
sary to  drain  the  reservoirs  within  72  hours®  The  channel  capacity  of 
each  stream  below  the  structure  sites  ms  used  as  a guide  in  the  selec- 
tion of  the  release  rate  of  discharge® 

The  determination  of  apparent  runoff  after  installation  of  the 
recommended  floodwater  retarding  structures  was  computed  in  the  follow- 
ing manner  (table  25)* 

Table  25®  Runoff  after  installation  of  Floodwater  Retarding 

Structures  in  Mulberry  Creek® 

Brazos  River  Watershed® 


Runoff  before  g Weighted  Runoff  i Weighted  Apparent  ^Weighted  Apparent 
Installation  of  s from  area  with  ? Runoff  from  Area  with  sRunoff  from  Bn- 
Structures , YX  $ no  Structures  j Structures  Installed  ; tire  Area® 


(inches) 

(inches) 

(inches) 

(inches) 

0*1 

*72  x 0.1 

©28  x 0 + 0o028  U 

Go  100 

x-0  , 

®7 2 x 1 a 0 

*28  x 0 + 0©052 

0*772 

3*11  £/ 

*72  x 3®11 

*28  x 0 4*  0®052 

2*291 

5*0 

*72  x 5 © Q 

*28  x 1*89  +0*052 

4*181 

7*0 

*72  x 7*0 

*28  x 3*89  +0*052 

6*181 

l/  Capacity  of  release  tube  not  fully  utilized  by  0®1  inch  of  runoff 
2/  Storage  capacity  at  spillway  level® 


Several  depths  of  runoff*  Including  the  value  representing  the 
average  retarding  capacity  of  the  reservoirs*  were  selected  for  use  in 
computation  of  an  average  curve  of  weighted  runoff®  Each  value  of  runoff 
was  multiplied  by  the  fractional  part  of  the  sample  area  not  affected  by 
structures®  To  this  product  ms  added  the  product  obtained  by  multiplying 
the  fractional  part  of  the  area  affected  by  the  installations  by  the 
difference  between  depth  of  runoff  and  the  floodwater  retarding  capacity* 
5®11  -Inches  for  the  Mulberry  Creek  structures®  The  release  flow  in  terms 
of  depth  of  runoff  from  the  entire  sample  was  added  to  the  two  preceding 
determinations  to  obtain  the  computed  weighted  sample  tributary  runoff 
after  installation  of  the  structures  for  the  initial  amount  of  runoff  con- 
sidered® These  points  when  plotted  gave  the  Y1-Y2  curve  shown  in  figure  16* 


' 


. 
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This  cur-7©  was  used  with  the  values  of  runoff  remaining  after  application 
of  the  conservation  measures  on  the  tributary®  These  computations  were 
set  up  as  shown  in  table  22. 

Reduced  runoff  resulting  from  floodwater  retarding  structures  on 
the  main  streams  of  subwatersheds  ms  computed  by  expansion.,  on  a 
weighted  basis,  of  the  reduced  runoff  determined  in  each  sample  tribu- 
tary similar  to  the  area  in  the  watershed*  This  was  accomplished  by 
multiplying  the  reduced  runoff,  Y2  (in  a sample  area)  for  selected 
amounts  of  runoff,  by  a number  representing  the  fractional  part  of  the 
subwatershed  similar  to  the  sample*  A field  survey  was  made  of  those 
parts  of  tributaries  considered  dissimilar  to  sample  tributaries  and 
this  information  ms  used  with  the  values  obtained  by  proration  from 
the  sample  tributary  areas*  To  include  the  full  effect  of  the  struc- 
tures in  each  subwatershed,  computations  were  made  for  each  depth  of 
runoff  representing  structure  capacity  at  spillway  elevation  in  each 
sample  tributary  used*  The  totals  of  these  weighted  values  of  reduced 
runoff  were  then  plotted  opposite  the  unreduced  runoff  to  derive  a 
curve  for  the  subwatershed  similar  to  figure  16  for  Mulberry  Creek* 

In  the  use  of  the  method  outlined  in  the  foregoing,  reductions 
because  of  retarding  structures  were  computed  only  on  streams  below 
the  structures*  ho  reductions  were  computed  on  short  drainage  areas 
draining  directly  into  large  streams  and  in  areas  too  flat  to  afford 
structure  sites*  The  recommended  program  includes  floodwater  retarding 
structures  only  in  those  tributaries  in  which  this  type  of  construction 
appears  to  be  economical  at  the  present  time® 

Provision  was  made  for  a permanent  pool  in  those  reservoirs  having 
adequate  capacity  for  both  retarding  and  sediment  storage*  The  determina- 
tion of  the  capacity  required  for  sediment  storage  was  made  using  an 
average  sediment  production  rate  applicable  to  the  conservation  problem 
area  in  which  the  structure  would  be  located*  These  rates  were  2*0 
acre-feet  per  year  per  square  mile  of  drainage  ares,  in  Blackland  Prairie » 
0*5  acre-foot  in  Grand  Prairie,  and  1.0  acre-foot  in  the  Forested  Coastal 
Plain,  Cross  Timbers,  Reddish  Prairie  and  Rolling  Red  Plains®  Storage 
capacity  for  a 50-year  period  of  sediment  prodtiction  at  the  rate  selected 
was  estimated*  It  is  expected  that  the  loss  of  retarding  storage  capa- 
city in  reservoirs  not  having  permanent  pools,  about  30  percent  of  the 
number  recommended,  would  be  negligible  because  of  the  temporary  nature 
of  the  pond*  Structures  would  not  be  built  below  areas  contributing 
large  amounts  of  bedload  material  until  remedial  measures  reduce  the 
sediment  contribution  to  an  acceptable  rate,  ho  permanent  pool  was  in- 
cluded in  the  estimates  of  those  structures  in  the  Blackland  Prairie, 
if  the  required  pool  would  have  a surface  area  exceeding  50  acres,  be- 
cause of  the  value  of  land*  These  structures  constitute  about  8 per- 
cent of  those  planned*  The  estimates  made  do  not  include  any  allowance 
for  storage  volume  resulting  from  borrow  made  for  construction  of  the 
embankment*  As  much  of  this  material  as  possible  mil  be  taken  from 
the  reservoir  area  to  provide  additional  capacity  and  stockwater* 
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Table  26  gives  general  data  regarding  size,  number,  and  distri- 
bution of  the  recommended  floodwater  retarding  structures®  At  this 
stage  of  planning  no  designs  have  been  made  and  quantities  and  costs 
were  estimated  on  the  following  bases. 

Dams  vdll  be  constructed  of  rolled  earth  fills  provided  with 
automatic  draw-down  structures  designed  to  empty  the  full  reservoirs 
in  from  72  to  144  hours.  The  service  spillway,  of  sufficient  capacity 
to  handle  the  discharge  from  a 50-year  frequency  storm  after  reductions 
in  the  reservoir,  will  be  constructed  of  sod  or  concrete  depending  on 
the  characteristics  of  each  site.  An  emergency  type  spillway,  or  ad- 
ditional operating  head  on  the  service  spillway,  will  be  provided  for 
discharges  greater  than  those  from  the  50-year  frequency  storm.  Care- 
ful study  of  hazard  to  life  and  property  will  be  made  for  each  site 
usede 
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APPENDIX  IV 


WATERSHED  BLOOD  PROBLEMS  AND  RELATED  DAMAGES 
DESCRIPTION  OF  FLOOD  DAMAGES 


Floods  may  be  caused  by  either  general  storms  or  thunderstorms 0 
The  general  storms  originate  either  in  the  Gulf  of  Mexico  or  in  the 
Southwestern  Highlands  and  travel  into  the  watershed.  They  usually 
cover  a large  portion  of  the  watershed  and  may  cause  wide sp read  flood- 
ing. The  thunderstorms  are  often  characterized  by  intense  precipita- 
tion over  comparatively  small  areas© 

Floodwater  Damages 

Three  general  types  of  floods  may  result  from  the  two  storm,  pat- 
terns s (l)  floods  on  the  smaller  tributaries  having  little  effect 
on  the  main  streams,  (2)  minor  floods  on  the  main  streams,  and  (3) 
major  floods  on  the  main  streams©  Floods  on  the  tributaries  and  minor 
floods  often  result  in  damage  to  crops,  some  loss  of  livestock,  damage 
to  fences  end  some  damage  to  buildings,  roads  and  other  property© 

Major  floods  differ  from  minor  floods  in  degree  and  extent  and  cause 
greater  damage . 

The  social  and  economic  problems  arising  from  floods  in  the 
Brazos  River  Watershed  result  largely  from  the  flooding  of  agricul- 
tural lands©  The  non«agricultural  types  of  flood  damage  on  this 
watershed  do  not  constitute  as  large  a percentage  of  the  total  damage 
as  in  watersheds  where  industrial  development  in  the  flood  plains 
has  been  extensive©  Economic  and  social  problems  closely  related  to 
agricultural  flood  damages  include  direct  income  losses  to  farm  opera- 
tors, damage  to  flood  plain  lands,  loss  to  local  businesses,  fears 
associated  with  possible  future  floods  and  indirect  losses  which  may 
occur  due  to  the  decline  in  property  values  and  community  services© 

The  general  location  of  flood  damages  is  shown  in  figure  23 0 

Floods  in  the  Brazos  River  Watershed  occur  most  frequently  in 
April,  May  and  June  at  which  time  serious  damage  may  be  done  to  grow- 
ing crops  or  complete  loss  of  mature  small  grain  crops  may  occur0 
Fall  floods  are  next  highest  in  frequency  of  occurrence  and  may  cause 
damage  to  mature  crops©  Floods  occurring  during  the  winter  usually 
cause  less  damage  to  crops  than  is  caused  by  floods  in  other  seasons© 

Without  watershed  treatment  flooding  can  be  expected  to  increase 
in  frequency  of  occurrence,  magnitude  and  severity  of  damage©  This 
will  be  caused  by  deterioration  of  land  cover,  increased  erosion  and 
runoff  and  continued  sedimentation  of  channels  and  flood  plains© 
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Reservoir  Sedimentation 

Existing  reservoirs g There  are  at  least  I4.O  reservoirs  in  the  Brazos 
River  Watershed*  with  original  capacities  ranging  from  a few  hundred 
acre-feet  to  730 $000  acre-feet®  Detailed  sedimentation  surveys  have 
been  made  on  a few  of  these  reservoirs * and  reconnaissance  measurements 
taken  on  11  others ® The  known  reservoirs  and  available  pertinent  data 
are  listed  in  table  27 o 

Very  few  of  the  reservoirs  are  located  in  the  High  Plains  at  the 
upper  end  of  the  watershed  or  in  the  Blackland  Prairie  and  Forested 
Coastal  Plains  areas  of  the  lower  portion®  Reservoirs  are  most  abundant 
in  the  Redbed  Plains  (Rolling  Red  Plains)  and  Palo  Pinto  sections * de- 
creasing  in  number  downstream  from  these  sections®  The  majority  of 
them  serve  as  municipal  water  supplies * four  are  recreational  lakes * 
and  Possum  Kingdom  Lake  (the  largest  in  the  basin)  furnished  hydro-elec- 
trie  power©  Their  original  capacities  represent  nearly  1 million  acre- 
feet  of  water  storage®  The  costs  of  all  reservoirs  are  not  known*  but 
the  total  cost  is  estimated  at  about  l6j  million  dollars o 

Three  detailed  surveys  have  been  made  on  Lake  Waco®  These  show  a 
present  sediment  deposition  rate  of  O0I4.9  acre-foot  annually  per  square 
mile  of  drainage  area*  with  an  additional  0®19  acre-foot  passing  through 
the  lake®  A reconnaissance  survey  of  Possum  Kingdom  Lake  l/  showed  that 
it  receives  about  0®5  acre-foot  of  sediment  per  square  mi  lie  of  drainage 
area  annually  from  its  watershed  which  includes  High  Plains * Redbsdg 
Plains  and  Palo  Pinto  sections®  Lake  Abilene * located  in  the  Callahan 
Divide s receives  only  0®2  acre-foot  of  sediment  per  square  mile  of  drain- 
age area  annually® 

The  total  annual  sediment  deposition  in  reservoirs  which  have  been 
investigated  is  8*550  acre-feet®  Their  total  original  capacity  was 
830*000  a ere -feet * and  total  investment  $13 * 000*000®  The  value  of  the 
annual  capacity  loss  due  to  sediment  deposition  amounts  to  $li49*300* 
based  on  the  cost  of  each  reservoir  per  acre-foot  of  storage  capacity® 

If  the  reservoirs  not  investigated  are  trapping  sediment  at  a rate 
proportionate  to  the  above 9 they  are  receiving  1*750  acre-feet  of  sedi- 
ment annually  and  if  the  average  cost  per  acre-foot  of  storage  is  $4G* 
the  annual  damage  amounts  to  $70*000®  On  this  basis*  sediment  deposited 
in  reservoirs  in  the  Brazos  River  Watershed  is  causing  an  annual  damage 
of  $219c300  due  to  decreases  in  effective  storage  capacities® 

Predictions  of  sedimentation  in  proposed  reservoirs  £ The  Corps  of 
Engineers  plan  of  improvement  for  the  Brazos  River  Watershed  includes 
two  reservoir  projects  which  have  been  authorized  and  are  under  con- 
struction and  six  reservoir  projects  which  have  been  recommended® 


l/  Field  Survey*  19U9 


i 


96 


V.  S.  Department  of  Agriculture 


Soil  Conservation  Service 


Table  27 

Reservoirs  in  the  Brazos  River  Watershed 


Major  Reservoirs 

1 Lake  Ft.  Phantom  Hill 

2 Lake  Cisco 

3 Possum  Kingdom  Lake 

4 Lake  Waco 
Minor  Reservoirs 

1 Buffalo  Lake  Ho.  1 

2 Buffalo  Lake  Ho.  2 

3 Two  Draw  Lake 

4 Lake  Trammel 

5 Lake  Sweetwater 

6 Railroad  Lake 


S j 

. Physiographic 

Original 

Annuel  Sedi- 

, Date  . 

Annual 

Drain- 

Province 

Storage  per 

ment  Accumula-  , 

. Ownership  & Purpose 

Com-  . Original. 

Depletion 

age 

. (Physical  Lend 

Sq.  Ml.  of 

tion  Per  Sq.  Mi.  . Original 

Location 
(Heorest  City) 

. Strew, 

. of  Reservoir 

. pleted.  Cepacity. 

of  Storage 

Area 

. Unit)  2/ 

Drainage 

of  Drainage  . Cost  . 

Class  of  Data 

Abilene  (l2  Mi.  HE) 
Cisco  (4  Mi.  H) 
Graford 


Waco  (4 


mi.  W) 


Elm  Creek  City  of  Abilene.  MWS 

Sandy  Creek  City  of  Cisco , MWS 
Brazos  River  Brazos  R.  Cons.  & Rec. 

District,  P.  FC,  B 
Bosque  River  City  of  Waco,  MWS 


1939  70,000 
1923  31.250 
1941  729.985 

1930  39.378 


482 

*3 

1.0  14.098 

2.06  1,666 


RR-80£;KP-20£ 

HP 

HP-556;  RR-5O56; 

HP-4556 

GP-SO’jJ;  CT-l6j6; 
HH-45& 


145 
1.359 
51. S 


23.6 


File  Information 
2,000,000  Tile  Information 
0.5  8,654,706  aeconnti seance 

0.49  2,000.000  Detailed  Survey 


Lubbock  (9  Mi.  SE) 
Lubbock  (9  Hi.  SE) 
Poet  (1  Hi.  N) 

Sweetwater  (6  Mi.  S) 
Sweetwater  (7  Mi.  SE) 


Double  Mt.  Fk. 
Double  Mt.  Re. 
Rattlesnake 

Sweetwater  Cr. 
Bitter  Creek 
Kildoogan 


W.  H.  Rodgers.  £ 1937 

W.  H.  Rodgers,  R 1938 

Double  U.  Co. . R 1910 

City  of  Sweetwater  MWS  1916 
City  of  Sweetwater  MWS  1§30 
G.  C.  & S.  F.  Hy.  I 1910 


280 


EP-7056;  RR-3O5& 
EP-70&  HR- 3056 
HP-3056;  RR-20* 


Owner  Estimate 
Owner  Estimate 
Owner  Estimate 

nnaiseance 
Fils  Informatioi 


7 Lake  Abilene 

8 Upper  Lake 

9 Moore  Lake 

10  Hew  Hamlin  Reservoir 

11  Lake  Penick 

12  Anson  City  Reservoir 

13  Lake  Lytle 

14  Lake  Kirby 

15  Lake  Diller 

16  Deltfosse  Lake 

17  Lake  McCarty 

18  Throckmorton  City  Res. 

19  Tucker  Lake 

20  Lake  Daniel 

21  Lake  Hagaman 


Abilene  (19  Mi.  SW) 
Hamlin  (2  Mi.  W) 
Hamlin  (2  Mi.  w) 
Hamlin  (4  Mi.  S) 
Luedere 


Anson  (4  Mi.  E) 
Abilene  (1  Mi.  SE) 
Abilene  (3  Mi.  S) 
Albany  (HW) 

Albany  (l2  Hi.  E) 
Albany  (6  Mi.  SW) 
Throckmorton  (1  Mi.W) 


Elm  Creek 
Calif.  Creek 
Calif.  Creek 
Dry  Calif.  Cr. 
Clear  Fk. 
Brazos  River 
Redmud  Creek 
Lytle  Creek 
Cedar  Creek 
N.  Hubbard  Cr. 
Dry  Branch 
Sal  t Pc  Rinba  rd 


Strewn  (5  Mi.  W)  Russell  Creek 

Breckenridge  (7  Mi.  S)  Gonzales  Cr. 


Ranger  (2  Mi.  HE)  H.  Palo  Pinto 


City  of  Abilene,  MWS 
City  of  Hamlin,  MWS 
City  of  Hamlin.  MWS 
City  of  Hamlin.  MWS 
City  of  Stamford,  MWS 

City  of  Anson.  MWS 
W.  Texas  Utilities,  I 
City  of  Abilene,  MWS 
City  of  Albany,  MWS 
Geo.  Delafoese.  I 
C.City  of  Albany.  MWS 
City  of  Throckmorton, 
MWS 

City  of  Strewn.  MWS 
City  of  Breckenridge 
MWS 

Hagaman  Estate.  MWS 


22  Lake  Eastland 

23  Lake  Leon 

24  Lake  Eddleman 

25  Lake  Mineral  Welle 

26  Lake  Eanee 

27  Lake  Comanche 

28  Meridian  Lake 

29  Hamilton  City  Lake 

30  Lake  Ft.  Parker 

31  City  Lake 

32  Hew  City  Lake 

33  Leke  Rogers 

34  Honnengee  State  Pk.  Lake 

35  Camp  Creek  Lake 

36  Dan  George  Lake 


Eastland  (1  Mi.  HW) 
Eastland  (2  Mi.  E) 
Graham  (2  Mi.  H) 
Mineral  Welle(5  Mi.  E) 

Comanche  (2  Mi.  SW) 
Comanche  (5  Mi.  S) 
Meridian  (3  Mi.  SW) 
Hamilton  (2  Mi.  E) 
Groesb-ck  (5  Mi.  H) 
Marlin  (2-1/2  Mi.  NE) 
Marlin  (2  Mi.  B) 

Rogers  (4  Mi.  SW) 
Hormangee  (6  Mi.  W) 
Franklin  (l2  Mi.  B) 
Richmond  (10  Ml.  SB) 


Mercer  Creek 
Mercer  Creek 
Bee  Creek 
Two  Mile  Creek 
Havasota  River 
Big  Sandy  Creek 
Big  Sandy  Creek 

Spring  Branch 
Camp  Creek 
Dutch  John  Cr, 


City  of  Eastland.  MWS 
Tex.  Elec.  Ser.  Co. , I 
City  of  Graham,  MWS 
City  of  Mineral  Wells, 
MWS 

City  of  Comanche,  MWS 
City  of  Comanche,  MWS 
Tex. State  Parks  Bd. ,R 
City  of  Hamilton,  MWS 
Tex. State  Parks  Bd. , R 
City  of  Marlin.  MWS 
City  of  Marlin.  MWS 
City  of  Rogers,  MWS 
City  of  Hormangee.  R 
Camp  Cr.  Wtr.  Co.  , R 
A.  P.  George.  R 


1/  Abbreviations: 


’-High  Plains 
RR- Rolling  Red  Plains 
EP-Edwarde  Plateau 
CT-Cro68  Timbers 
GP-Grand  Prairie 


BL-Blackland  Prairie 
FC-Forested  Coastal  Plain 
HP-Reddish  Prairie 
CQ-Coaet  Prairie 


1921 

10.325 

0.19 

98.5 

EP-50H;  AR-50J 

104.8 

0.2l 

225.000 

Detailed  Survey 

1917 

510 

0.9 

32 

RR 

16 

0.15 

31.400 

Reconnaissance 

1909 

32 

RR 

5,000 

1939 

2.460 

36 

HR 

68 

235,000 

Consultant's  Plane 

1920 

3.096 

4-5 

2.250 

RR-6O56;  HP-20j»; 

1.4 

0.06 

EP-2o£ 

1941 

1.250 

36 

RR 

35 

Consultant's  Plans 

1909 

64 

HP-3056;  EP-206 

File  Information 

1928 

8,133 

0.5 

44 

HP-3056;  ZP-2056 

I85 

0.94 

200,000 

Reconnaissance 

1913 

400 

0.3 

2-3 

RR 

48 

0.18 

Reconnaissance 

1918 

11.2 

HP 

1942 

2,800 

44 

RR 

64 

Consultant's  Plans 

1941 

1,650 

9.6 

RR 

172 

Consultant's  Plane 

1937 

1.600 

u-7 

HP 

340 

123,000 

File  Information 

1939 

10.000 

115 

BP 

87 

231,700 

Consultant's  Plans 

1913 

1.158 

*•5 

EP 

463 

Owner  Estimate 

1920 

6,125 

0.4 

32 

HP 

191 

0.71 

212,300 

Reconnaissance 

1920 

1.637 

1.1 

225 

HP-6056;  EP-4056 

7 

0.08 

Reconnaissance 

6.500 

0.5 

42 

HP 

155 

0.82 

2l2,600 

Reconnaissance 

I922 

10,741 

0.8 

74.4 

CT-7O56;  BP-30J& 

37 

1.18 

573.000 

Reconnaissance 

1926 

1.313 

O.35 

13.8 

GP 

95.4 

O.33 

123,000 

Detailed  Survey 

1999 

4,800 

35 

(P-3056;  CT-2056 

137 

232.262 

Consultant's  Plans 

723 

0.3 

GP 

226 

0.70 

Reconnaissance 

19*3 

538 

0.5 

12 

GP 

45 

0.21 

90,000 

Reconnaissance 

270 

BL-70-S;  FC-JO H 

File  Information 

1923 

1.535 

1-5 

18 

BL 

85 

1.27 

Consultant's  Plans 

22 

HL 

140 

350,000 

File  Plans 

1922 

164 

1-9 

0.55 

BL 

298 

6.08 

Detailed  Survey 

2 

FO 

File  Plans 

194§ 

8,400 

40 

FC 

240 

File  Plans 

1910 

CO 

Owner  Estimate 

1/  Res 

ervoir 

purpose  abbreviations:  MVS-Munic 

:ipal  Water  Supply 

I -Industrial 
P -Power 
FC  -Flood  Control 
R -Recreation 


£/  Most  of  the  High  Plains  do  not  contribute  to  downstream  runoff. 


Source  of  Data 


USGS  Circular  2j,  March  1948 

Freese  & Hichols.  Consulting  Engineers 

Rogers  & Party.  1949 

Surveys  in  1935.  1936.  and  1947. 

(Rates  are  for  period  1 93^>—i*7 ) 


W.  H.  Rodgers,  Owner 
W.  H.  RodgerB,  Owner 
Double  U.  Co. 

Capacity  measured  by  Freese  & Hichols.  1948 

Jones  & Swigart,  194l 

Freese  & Hichols,  Rep.  343  acre-feet 

Capacity  1947 

Survey  in  September  1948 

Jones  & Swigart,  194l 

Freese  & Nichols,  Consulting  Engineers 
From  USDA  Tech.  Bull.  524,  1936 

Freese  & Nichols,  Consulting  Engineers 
Freese  & Nichols,  Consulting  Engineers 
Jon«6  & Swigart,  1941 
Jones  & Swigart.  1941 
Mr.  C.  A.  Scottie 

Freese  & Nichole,  Consulting  Engineers 
Freese  A Nichols,  Consulting  Engineers 

City  Secretary  of  Strawn,  Texas 
Freese  & Nichols,  Consulting  Engineers 

Leslie  M.  Hagaman 

Jones  & Swigart,  1^41 
Jones  & Swigart,  l§4l 
Jones  & Swigart,  1941 
Jones  & Swigart,  1941 

Survey  in  September,  1946 

Freese  & Nichols,  Consulting  Engineers 

Rogers,  1948 

Jones  & Swigart.  1941 

Texas  State  Pa rtc 6 Board 

Water  Superintendent,  Marlin,  Texas 

Water  Superintendent,  Marlin,  Texas 

Survey  in  September,  1934 

Texas  State  Parke  Board 

Love  Abstract  Company,  Franklin,  Texas 

A.  P.  George.  Owner 
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Table  28  lists  pertinent  data  on  these  reservoirs 9 estimated  rates  of 
sediment  contribution  to  them,  and  the  expected  reduction  in  sedimenta- 
tion  rates  if  the  recommended  program  is  put  into  effect « The  estimates 
of  sedimentation  rates  were  based  on  one  or  more  of  the  followings  com- 
parison  with  records  of  reservoir  surveys  in  similar  areas  % average 
sediment  load  of  stream  on  which  reservoir  site  is  located  (if  suspended 
sediment  records  were  available) % sediment  contribution  rates  of  conser- 
vation problem  areas  determined  from  reservoir  surveys o 

Examples  of  methods  used  to  estimate  sedimentation  rates  in  reser- 
voirs appear  below® 

1°  Lampasas  Reservoirs  Lake  Banes  and  Medina  Lake*,  with  similar 
■watersheds , have  received  sediment  at  rates  of  Qo33  anc* 
acre-feet  annually  per  square  mile  of  drainage®  The  average 
is  Oo39o  Annual  sediment  deposit  in  Lampasas  Reservoir  is 
predicted  to  be  0®l+0  acre-foot  per  square  mile  of  drainage® 

2o  Lanesport  Reservoirs  About  1+0  percent  of  the  watershed  is  in 
the  Blackland~Frairie  and  60  percent  in  the  Grand  Prairie® 
Approximate  annual  sediment  production  rates  per  square  mile 
of  drainages 

Blackland  Prairie  3°0  acre-feet 

Grand  Prairie  0*1+  acre-foot 

The  average  is  (3°0  x ®l+0)  (0®1+  x ®60)  - X0I4I4. 

Predicted  annual  sediment  deposit  in  Lanesport  Reservoir, 

1®50  acre-feet  per  square  mile  of  drainage® 

3®  Ferguson  Reservoir  on  the  Navasota  River g No  reservoir  survey 
data  in  a comparable  area  is'  available ~on  which  to  base  sedi- 
ment production  rates®  A suspended  sediment  sampling  station 
on  the  Navasota  at  Easterly  determined  the  average  sediment 
content  of  the  water  to  be  0o071  percent  by  weight  for  the 
period  of  record s and  the  average  stream  flow  to  be  1+33  2&50 
acre-feet  per  year®  Sediment  content  in  acre-feet  is 

1+35*650  x 1361  1/  X 0o00071  = 321 
- 1307  27  — 

The  drainage  area  at  the  gage  is  9U9  square  miles*  so  the  „ 
sediment  contribution  per  square  mile  of  drainage  is  321  -y- 
9I4.9  or  O03I+  acre-foot  per  year®  Predicted  rate  for  Ferguson 
Reservoir,  0®35  acre-foot  of  sediment  annually  per  square 
mile  of  drainage® 


l/  Tons  of  water  per  acre-foot® 

2/  Weight  in  tons  of  one  acre-foot  of  sediment  at  60 ft  per  cu®  ft 
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Estimates  of  reduction  in  the  rates  of  sediment  contribution  to 
the  reservoirs  with  the  recommended  program  range  from  25  to  60  per- 
cent®  They  are  based  chiefly  upon  indications  of  reductions  in  sedi- 
ment output  between  surveys  of  reservoirs g where  some  part  of  a 
conservation  program  had  been  applied®  The  latest  survey  of  Lake 
Waco,  for  example  , showed  a reduction  of  more  than  30  percent  in  rate 
of  sediment  contribution  from  the  drainage  area  from  a conservation 
program  covering  less  than  one-third  of  the  area,  and  this  program 
did  not  include  measures  specifically  for  flood  control® 

The  estimated  reductions  are  low  (30  percent)  in  areas , such  as 
the  Lampasas  Cut  Plain,  where  present  erosion  is  not  greatly  acceler- 
ated above  a natural  rate  and  where  range  land  now  predominates®  They 
are  high  in  areas  such  as  the  Blackland  Prairie  and  West  Cross  Timbers 
where  modern  erosion  is  greatly  accelerated® 

Valley  Sedimentation  and  Scour 

High  Plains  and  Plains  Borders  Erosion  and  sediment  output  rates 
in  the  greater  part  of  the  High  Plains  are  generally  low  because  of  the 
nearly  flat  topography , low  rainfall , and  the  absence  of  well-developed 
drainage®  This  applies  to  the  2,673  square  miles  in  Hew  Mexico  (outside 
of  the  authorized  survey  area)  as  well  as  to  about  6,000  square  miles 
of  level  upland  in  Texas® 

The  High  Plains  Border , however , is  a zone  of  active  natural 
erosion®  It  occupies  a belt  from  5 to  15  miles  wide  extending  general- 
ly northeasterly  through  Garza,  Crosby,  and  Dickens  Counties®  Canyons 
and  gullies  have  been  cut  through  the  sandy  Ogallala  formation  across 
the  face  of  the  escarpment,  and  large  quantities  of  sandy  sediment  have 
been  transported  from  the  High  Plains  Border  into  valleys  of  the  Redbeds 
plains  below® 

All  valleys  extending  eastward  from  the  edge  of  the  High  Plains  have 
large  deposits  of  sand,  which  are  believed  to  be  residual  deposits  from 
long-continued  erosion  of  the  High  Plains  Border®  This  sand  deposit 
extends  from  10  to  J>0  miles  in  the  various  valleys  such  as  Whits  River, 
Duck  Creek,  and  Double  Mountain  Fork®  These  reaches  are  characterized 
by  shifting  channels  and  dune  formation,  but  these  conditions  are  not 
regarded  as  accelerated  above  a normal  rate®  Since  most  of  the  area  in 
these  valleys  is  low  grade  grazing  land,  damages  by  accelerated  deposition 
are  negligible  (table  29) o 

Flood  plain  scour  and  stream-bank  erosion  are  also  negligible  in 
the  High  Plains  and  High  Plains  Border  areas®  Some  dune  formation  oceurs 
in  the  valleys  in  the  High  Plains  Border  area,  but  most  of  it  is  confined 
to  relatively  narrow  belts  of  low-value  pasture  along  the  channels  and 
damages  are  negligible® 
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Table  29 » Summary  of  Damages  to  Valley  Lands  by  Sedimentation,  Flood  Scour,  and  Stream-bank  Erosion 
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The  chief  sediment  sources  in  the  High  Plains  and  in  valleys 
immediately  eastward  are  slow  erosion  of  sandy  sediment  in  the 
bordering  canyons  and  of  sandy  deposits  in  the  valleys  below  the 
escarpment*  The  output  from  both  of  these  sources  is  small  and  is 
believed  to  be  virtually  a normal  rate* 

Redbeds  Plains?  The  Redbeds  Plains  (Rolling  Red  Plains)  section 
of  the  Brazos  River"  Watershed  is  a large  area  (8,522  sq®  mi*)  including 
outcrop  belts  of  the  Dockum  formation  of  Trias  sic  age  and  the  Redbed 
series  of  Permian  age*  Much  of  this  section  is  subject  to  accelerated 
erosion,  and  it  is  a major  sediment  source  in  the  Brazos  River  Water® 
shed*  In  the  western  part  of  this  section  outliers  of  loose  sandy 
deposits  of  Quaternary  age  contribute  locally  to  valley  deposition* 

Along  the  southern  margin  of  the  basin  (Scurry.,  Nolan.,  and  Taylor 
counties)  erosion  of  the  Redbeds  is  limited  by  resistant  caps  of 
cretaceous  limestones* 

Clear  Fork  and  its  tributaries  have  suffered  relatively  unimportant 
damages  by  overbank  deposition  of  sediment®  In  Clear  Fork  Valley  such 
damages  are  negligible*  In  a number  of  smaller  tributaries , especially 
above  Lake  Abilene*,  and  in  small  valleys  in  Fisher  County®  however®  the 
channels  are  filled  with  sandy  sediment®  and  some  overbank  deposition 
has  occurred.  Altogether  it  is  estimated  that  a total  area  of  about 
50  acres  per  year  of  pasture  land  in  such  tributaries  is  suffering  50 
percent  damage  per  year* 

The  main  valley  of  the  Brazos  River  above  Graham  and  its  two  major 
tributaries  above  Haskell  County®  however®  have  sustained  more  serious 
damage  by  overbank  deposition®  From  reconnaissance  examinations  of 
these  three  valleys  it  is  estimated  that  an  average  of  0*5  acre  per 
mile  is  reduced  50  percent  in  productivity  annually  in  a total  of  200 
miles  of  valley  length®  This  is  a 50  percent  damage  to  100  acres  annual- 
ly® Another  50  acres  in  the  various  smaller  tributaries  of  the  three 
streams  suffer  similar  damage®  The  total  estimated  damage  in  the  Redbeds 
Plains  section,  including  Clear  Fork®  is  50  percent  damage  to  200  acres  of 
bottomland  annually® 

In  the  drainage  area  of  Clear  Fork  and  its  tributaries,  flood  plain 
scour  and  stream-bank  erosion  are  negligible*  Channels,  in  general  are 
relatively  large  and  stable,  and  sediment  has  not  accumulated  in  them  to 
any  great  extent*  Bank  cutting,  however,  is  causing  total  destruction  of 
an  average  area  of  approximately  1*0  acre  per  mile  annually  in  a total 
valley  length  of  2 50  miles  along  the  Brazos  River,  Salt  Fork,  and  Double 
Mountain  Fork  above  Graham*  Any  recovery  of  use  of  such  land  is  unlikely, 
since  the  accretion  deposits  on  insides  of  bends  become  sandy  wastes* 
Therefore,  an  estimated  total  of  250  acres  of  land  in  the  Redbeds  Plains 
is  destroyed  annually  by  bank  erosion© 

Flood  plain  scour  is  causing  some  damage  in  the  Brazos  River  valley 
above  Graham,  and  in  the  valleys  of  Salt  Fork  and  Double  Mountain  Forko 
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In  a total  valley  length  of  200  miles  in  the  main  Brazos  River  system 
above  Graham  reconnaissance  surveys  have  indicated  that  an  average 
annual  damage  of  50  percent  decrease  in  productivity  on  1*0  acre  per 
mile  of  valley  is  caused  by  flood  plain  scour®  Hence  200  acres  per 
year  suffer  a reduction  of  50  percent  in  utility  by  this  process  in 
the  Redbeds  Plains  section  of  the  drainage  areae  Recovery  rates  of 
scoured  areas  are  slow* 

Estimates  of  main  sediment  sources  have  been  made  following 
inspection  of  all  main  valleys  and  major  upland  areas*  It  is  esti- 
mated that  50  percent  of  the  sediment  transported  by  the  main  streams, 
Brazos  River  above  Graham,  Salt  Fork  and  Double  Mountain  Fork,  is 
derived  by  bank  erosion  and  50  percent  is  carried  into  the  main  val- 
leys by  tributaries*  Of  the  sediment  delivered  by  tributaries  it  is 
estimated  that  75  percent  is  derived  on  upland  areas  by  gully  development, 
and  25  percent  by  sheet  erosion®  Clear  Fork,  which  has  relatively  stable 
banks,  derives  little  sediment  by  bank  erosion*  It  is  estimated  that  its 
tributaries,  which  drain  areas  of  relatively  resistant  rocks,  derive  25 
percent  of  their  sediment  by  gully  development,  and  75  percent  by  sheet 
erosion® 

Palo  Pinto  Section?  The  amounts  of  damage  by  accelerated  sedimen- 
tation are  relatively  low  in  the  Palo  Pinto  section  (Reddish  Prairie)® 
Because  of  sharply  contrasting  differences  in  types  of  soils  and  re- 
sistance of  underlying  formations,  local  conditions  vary  wi del y in  the 
tributary  valleys®  In  the  main  Brazos  River  valley  sedimentation  and 
scour  damages  are  limited  by  high  terraoes  of  considerable  extent  which 
lie  above  flood  levels® 


In  the  main  valley  of  the  Brazos  River,  from  the  east  boundary  of 
Throckmorton  County  to  the  west  boundary  of  Parker  County,  accelerated 
deposition  on  valley  lands  is  negligible®  A reach  of  valley  about  65 
miles  long  between  Graham  and  Graford  is  occupied  by  Possum  Kingdom 
Reservoir  which  affects  flood  flows  below*  Some  tributaries  in  this 
section,  such  as  Big  Sandy  and  Big  Cedar  Creeks,  have  scattered  deposits 
of  modem  sandy  sediment  on  their  valleys,  but  in  most  places  the  deposit 
is  not ’ sufficiently  widespread  nor  coarse  enough  to  cause  measurable 
damage® 

Scour  of  flood  plains  occurs  in  a few  localities  in  the  Brazos 
River  and  Clear  Fork  valleys  above  Graham  and  along  a few  of  the 
larger  tributaries  of  the  Palo  Pinto  section,  but  it  is  believed  to 
be  accelerated  little  above  a normal  rate®  In  a total  valley  length 
of  approximately  300  miles  of  the  Brazos  River  (excluding  Possum 
Kingdom  Reservoir)  the  estimated  damages  by  flood  plain  scour  are  50 
percent  damage  to  0®5  acre  annually  per  valley  mile,  or  50  percent 
reduction  in  productivity  on  150  acres  of  valley  land  annually® 

Damages  by  stream  bank  erosion  in  the  Palo  Pinto  section  are 
negligible© 
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Sheet  erosion  is  the  most  important  agency  of  erosion  and  it 
is  estimated  that  75  percent  of  the  sediment  carried  to  main  streams 
originates  by  this  process.  Locally,  especially  in  sandy  areas,  gully 
development  is  important* 

Edwards  Plateau,  Lampasas  Cut  Plain,  and  Grand  Prairies  These 
three  sections  are grouped  in  the  evaluation  of  sedimentation  and  valley 
erosion  damage  because  they  are  all  underlain  by  relatively  resistant 
cretaceous  limestone  formations  (figure  2).  Together  they  occupy  about 

9.000  square  miles  in  the  central  part  of  the  Brazos  River  Watershed, 

Rates  of  erosion  and  sediment  output  in  general  are  low©  Damages  by 
accelerated  deposition  are  slight,  and  channels  of  most  streams  are 
stable  and  have  relatively  large  capacities.  The  valley  bottoms  generally 
slope  strongly  toward  the  channels,  and  the  channels  are  incising  into 
limestone  and  shale  formations.  The  chief  types  of  sediment  are  gravels, 
which  form  bars  in  the  channels,  and  silt  and  clay  which  travels  long 
distances  downstream  -with  every  flood. 

Damages  by  accelerated  deposition,  flood  plain  scour,  and  bank 
erosion  are  negligible© 

West  Cross  Timbers;  In  the  Brazos  River  Watershed  the  Cross  Timbers 
area  lies  cHTefiy^^^irn  the  western  parts  of  Parker,  Hood,  Erath,  and 
Comanche  counties®  This  belt  has  sandy  soils  underlain  by  unconsolidated, 
easily  eroded  Trinity  sands  of  Lower  Cretaceous  age.  Accelerated  erosion, 
and  especially  gully  development,  is  serious,  and  practically  all  valleys 
in  the  section  have  suffered  some  degree  of  damage  by  accelerated  deposi- 
tion of  sandy  sediment.  Fertile  valley  soils  have  been  buried  beneath 
sand  deposits,  channels  have  been  filled,  and  damages  to  roads  and  bridges 
have  been  extensive. 

Rapid,  modern  deposition  of  sandy  deposits  has  caused  a decrease  in 
productivity  of  50  percent  to  a total  area  of  11,500  acres  in  60  years 
in  tributary  valleys  and  flood  frequencies  have  been  approximately 
doubled.  An  additional  area  of  2,700  acres  in  the  same  valleys  has 
sustained  25  percent  damage  in  the  60-year  periodo 

Scour  of  flood  plains  and  bank  erosion  in  the  larger  tributary  val- 
leys are  negligible,  since  deposition  from  eroded  uplands  is  the  pre- 
dominant process© 

It  is  estimated  that  gully  development  is  responsible  for  75  per- 
cent of  the  sediment  carried  into  alluvial  valleys  in  the  Cross  Timbers, 
and  that  25  percent  of  the  sediment  originates  by  sheet  erosion© 

Blackland  Prairie;  The  Blackland  Prairie  occupies  an  area  of  4,600 
square  miles,  and  has  the  highest  average  rate  of  erosion  in  the  drainage 
area  under  present  land  use.  Rates  of  sediment  contribution  from  drain- 
age areas  of  a few  square  miles  in  extent  range  from  2,00  to  more  than 

5.0  acre-feet  per  square  mile  annually.  Practically  all  of  the  sediment, 
derived  by  erosion  of  the  dark  clay  soils  and  underlying  marls,  chalks 
and  clays,  is  clajr  and  silt.  Much  of  it  travels  long  distances  downstream 
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where  it  is  deposited  in  reservoirs,,  This  material  in  suspension 
causes  high  filtration  costs  for  ci ty  water  systems, 

' In  the  lower  part  of  the  San  Gabriel  River  valley  below  George- 
town, '200  acres  of  land  are  damaged  annually  by  sediment  in  quantities 
sufficient  to  bury  growing  crops®  Deposition  on  densely  vegetated 
channel  banks  has  decreased  channel  capacities  sufficiently  to  cause 
an  estimated  increase  in  flood  frequency  of  20  percent.  In  the  Brushy 
Creek  system  below  Hutto  all  of  the  bottomlands  are  characterized  by 
partially  or  completely  filled  channels*  heavy  overbank  deposition* 
swamps*  intermittent  scour*  and  substantially  increased  flood  frequen- 
cies* The  deposition  of  large  bars  of  sediment*  and  the  formation  of 
intervening  scour  channels  have  produced  a rough  topography*  and  the 
thickness  of  the  overbank  deposits  ranges  from  2 to  10  feet*  In  the 
Brushy  Creek  system  below  Taylor*  approximately  15*000  acres  of  bot- 
tomland have  been  reduced  75  percent  in  productivity  in  a period  of 
45  years© 

In  Blackland  valleys  north  of  Temple  it  is  estimated  that  an  addi- 
tional area  of  25*000  acres  has  suffered  a 50  percent  damage  by  accel- 
erated deposition  in  45  years*  These  valleys  include  Pond*  Big*  Aquilla* 
and  Tehuacana  Creeks  as  well  as  smaller  tributaries  and  flood  frequencies 
on  the  average*  have  been  doubled® 

Stream  bank  erosion  occurs  locally  in  a number  of  tributary  valleys 
but  has  not  affected  sufficiently  large  areas  to  permit  economic  evalua- 
ti  on. 


Flood  plain  scour*  however*  has  caused  substantial  damages  in  the 
larger  tributary  valleys  where  the  streams  are  competent  to  transport 
the  large  loads  of  sediment  delivered  to  them  from  upstream  sources. 

Hence  the  scour  damages  generally  occur  downstream  below  the  areas  of 
heavy  sedimentation  damages  in  valleys  such  as  Brushy  Creelc*  San  Gabriel 
River*  Little  Elm  and  Aquilla  Creeks*  and  on  the  larger  bottoms  such  as 
that  of  the  Little  River*  In  San  Gabriel*  Brushy  Creek  and  Little  Elm 
systems  approximately  500  acres  annually  suffer  a 50  percent  damage  by 
flood  scour*  in  the  Little  River  valley  100  acres*  and  in  tributary 
valleys  north  of  Temple*  700  acres®  A partial  recovery  of  productive- 
ness occurs  within  a 5 to  10-year  period  on  the  scoured  areas* 

Severe  erosion  on  cultivated  areas  of  the  Blackland  Prairie  is  one 
of  the  major  sources  of  sediment.  It  Is  estimated  that  an  average  of 
70  percent  of  the  sediment  transported  to  downstream  sites  is  derived 
from  sheet  erosion*  and  30  percent  from  gully  erosion*  Locally*  especial 
ly  in  the  Taylor  marl  area  (figure  2)  these  proportions  are  sometimes 
reversed* 

Forested  Coastal  Plain:  A great  variety  of  soils  and  rock  out- 

crops  is  characteristic  of  ^bhe  Forested  Coastal  Plain®  Most  of  the  rock 
formations  are  poorly  consolidated  and  the  alternating  belts  of  clays* 
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sands,  and  sandy  clays  extend  across  the  main  drainage  lines*  Erosion 
rates  in  many  upland  areas  are  high,  and  many  small  valleys  receive 
deposits  of  sandy  sediment*  Several  factors,  however,  limit  the 
distance  of  downstream  travel  of  much  of  the  sediment*  The  high  rain- 
fall  and  humidity  promote  rapid  growth  of  vegetation,  and  most  of  the 
small  valley  bottoms  are  choked  with  dense  grass,  trees  or  weeds*  The 
larger  valleys  have  low  gradients  and  the  slow  current  causes  deposition 
of  much  sediment  on  upstream  sites*  Hence  accelerated  sediment  deposi- 
tion is  not  a problem  on  valley  lands  of  streams  such  as  the  Navasota 
River,  but  it  causes  damages  in  valleys  of  a number  of  its  tributaries* 
In  a total  length  of  200  miles  of  tributary  valleys  of  the  Havas ota 
River,  it  is  estimated  that  200  acres  annually  are  reduced  25  percent 
in  productivity  by  accelerated  deposition  of  sandy  sediment,  and  an  ad- 
ditional 400  acres  sustain  similar  damages  in  tributaries  such  as  Hew 
Years  and  Yegua  Creeks*  m 

Scour  channels  are  numerous  in  the  Havas ota  River  valley,  but  they 
occur  chiefly  on  wooded  land  of  relatively  low  value*  Such  channels  are 
typical  of  mature  valleys  and  are  not  judged  to  be  representative  of  an 
accelerated  condition* 

Coast  Prairie?  Damages  by  deposition  of  sediment,  flood  scour,  and 
bank  erosion  are  not  important  in  the  Coast  Prairie*  It  is  an  area  of 
very  low  gradients,  dense  vegetation,  and  high  humidity*  The  streams 
have  sluggish  flow  and  valleys  are  shallow© 

METHODS  OF  ESTIMATING  FLOOD  DAMAGES 
Area  Included  in  Estimates 


Ho  damages,  other  than  sedimentation  of  reservoirs,  were  calculated, 
nor  corresponding  benefits  estimated  in  the  areas  to  be  inundated  by  the 
system  of  reservoirs  recommended  by  the  Corps  of  Engineers*  Ho  damages 
or  benefits  were  estimated  on  the  main  stream  of  the  Brazos  and  its 
tributaries  from  flood  waters  derived  from  streams  above  these  installa- 
tions* However,  damages  on  joint  flood  plains  of  the  Brazos  and  tri- 
butary streams,  caused  by  flooding  of  the  tributaries  alone,  were  esti- 
mated and  benefits  from  the  recommended  program  were  evaluated* 

The  areas  on  which  damages  were  not  calculated  or  were  reduced  from 
current  rates  and  on  which  benefits  were  not  estimated  or  were  reduced 
were;  (1)  the  lower  portions  of  the  Upper  Leon,  Cowhouse,  Lampasas, 
and  San  Gabriel  and  the  entire  main  streams  of  the  Little  River  and  the 
Lower  Leon;  l/  (2)  the  Bosque  River  below  the  recommended  Waco  reser- 
voir; 2/  (3j  Yegua  Creek  below  the  recommended  Somerville  reservoir; 


l/  Appendix  IY,  Watershed  Flood  Problems  and  Related  Damages,  Interim 
Survey  Report,  Brazos  River  and  Tributaries,  Little  River  Watershed, 
USUI,  1950* 

2/  Appendix  TV,  Watershed  Flood  Problems  and  Related  Damages,  Interim 
Survey  Report,  Brazos  River  and  Tributaries,  Bosque  River  Watershed, 
USDA,  1950* 
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(4)  the  Navasota  River  below  the  recommended  Ferguson  reservoirs  and 

(5)  the  Brazos  River  below  the  ’Whitney  Reservoir© 


Estimation  of  Floodwater  Damage 

Floodmter  damage  a based  on  prices  and  values  for  1943a  'was  calcu* 
lated  in  sufficient  detail  to  permit  estimation  of  future  expected  flood 
damage©  The  calculation  included  damage  estimates  both  with  and  with* 
out  the  recommended  program©  Estimates  of  flood  damage  to  crops 8 Xands 
other  agricultural  property s and  roads  and  bridges  were  based  on  an 
analysis  of  198  damage  schedules  taken  in  the  Little  River  Watershed s 
103  in  the  Bosque  River  Watershed  and  258  in  the  remainder  of  the  Brazos 
River  Watershed 1 a total  of  559  in  all© 


Floodwater  damages  were  calculated  separately  for?  (l)  reaches  of 
the  main  streams * and  (2)  areas  in  subwatersheds  typified  by  sample 
tributary  watersheds  and  expanded  to  the  appropriate  subwatershed  areas© 


Crop  and  Grassland  Damages  The  flood  damage  to  any  cropland  or 
grassland  was  computed  through  the  following  steps : (1)  the  difference 

between  the  value  per  acre  of  the  undamaged  crop  and  its  value  after 
flooding  1 (2)  less  the  costs  not  incurred  in  growing  or  harvestings 

(3)  plus  the  costs  of  the  extra  cultivation  caused  by  floods?  or 

(4)  plus  the  costs  of  all  operations  in  producing  an  alternative  crop 

of  equal  or  leaser  net  values  and  (5)  less  the  gross  value  of  the  alter- 
nate crop©  The  dollars  of  net  damage  per  acre  were  then  divided  by  the 
original  per  acre  undamaged  value  of  the  crop  to  determine  a percent 
damage  factor©  For  example „ the  percent  flood  damage  to  cotton  flooded 
at  a depth  of  2 © X-I4.9G  feet  in  Aprils  May  or  June  might  be  calculated  as 
follows  s 


Value  of  original  crop  $64*94 

Value  of  original  crop  after  flood  24°39 


(1) 

Gross  damage 

i4o©55 

(2) 

Minus  expenses  saved 
(harvestings  ginning 8 etc©) 

13  ©50 

(3) 

$27,05 

Plus  added  expense  (extra 
cultivation) 

2 ©20 

Nqtc  damage 

$29,25 

per  acre 
per  acre 

per  acre 

per  acre 

per  acre 

per  acre 

per  acre 


The  percent  damage  factor  equals  $29©  25/164®  94  times  100  a or  45 
percent  net  flood  damage©  The  percent  flood  damage  to  each  crop  was 
determined  for  seasons  and  depths  of  flooding  by  the  method  illustrated 
above  and  compiled  in  table  J>0o  Except  for  damage  to  grasslands  these 
percentages  were  applied  in  all  subwatersheds  of  the  Brazos  River  Water* 
shed  other  than  those  of  the  Little  and  Bosque  Rivers©  Data  on  these 
two  subwatersheds  obtained  in  previous  Surveys  were  adjusted  to  1948 
price  levels  and  combined  with  information  from  schedules  in  the  Brazos 
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for  this  calculation  of  percent  damage  factors*  The  percent  damage 
factors  for  grassland  (table  30)  were  used  in  the  parts  of  the  Brazos 
River  Watershed  below  the  Whitney  reservoir*  These  percentages  were 
reduced  progressively  above  Whitney  until  no  damage  to  grassland  from  ^ 
f loodwater  was  calculated  above  the  confluence  of  the  Brazos  River  and  ' 
the  Clear  Fork.  The  reduction  in  percent  damage  factors  for  grassland 
in  areas  upstream  from  the  moist  subhumid  lower  part  of  the  watershed 
to  the  dry  subhumid  and  semiarid  upper  sections  corresponded  to  the 
farmers5  estimates  of  damage  to  grassland  by  floodwater. 

The  major  land  uses  of  the  flood  plain  were  determined  through 
data  obtained  from  surveyed  cross-sections  and  analysis  of  aerial 
photographs*  The  percentage  of  cultivated  land  occupied  by  each 
major  crop  was  computed  from  field  schedules.  These  schedules  also 
supplied  the  information  from  which  yields  were  estimated.  From  these 
data  a composite  damage  rate  per  flooded  acre  was  calculated  for  each 
season  and  depth  of  flooding  in  all  sample  tributaries  as  illustrated 
in  tables  31  and  32.  A composite  flood  plain  acre  was  used  because 
field  investigations  showed  that  variations  in  land  use  at  different 
elevations  of  a given  cross-section  were  not  significant.  For  example* 
the  area  flooded  by  water  4 feet  overbank  at  section  1 on  Neil  Creek 
was  31  «5  percent  cropland  as  compared  with  30  percent  for  the  entire 
flood  plain  of  the  sample  tributary.  A stream  was  divided  into  reaches* 
each  with  its  individual  land  use,  when  significant  differences  were  found 
in  the  land  use  along  the  length  of  the  stream. 

Original  calculations  of  damageable  values  were  based  on  1948  prices® 
These  were  adjusted  to  1949  prices  by  means  of  the  “Index  of  prices 
received  and  paid  by  farmers  for  major  product  groups  and  for  principal 
commodities,  based  on  calendar  year  prices  for  selected  periods”  released 
by  the  Bureau  of  Agricultural  Economics,  April  I960*  The  indexes  of 
individual  commodities  were  weighted  by  the  production  of  these  products 
in  each  sample  tributary.  In  areas  in  which  no  damage  was  calculated  on 
pasture,  the  value  of  the  pasture  was  not  included  in  the  weighting® 

Flood  Plain  Scour  Damage:  The  physical  land  damage  due  to  scour 

was  determined,  by  reconnaissance  in  the  stream  valleys®  Information 
on  the  average  productivity  of  land  in  the  flood  plain  was  obtained 
from  land  owners  and  operators  at  the  time  flood  damage  schedules  were 
taken® 

It  was  determined  that  scour  damage  in  the  Brazos  River  Watershed 
at  the  present  time  occurs  in  about  a ten  year  cycle  from  original  dam- 
age to  recovery,  and  that  the  amount  of  damage  is  not  increasing  but  has 
reached  a state  of  equilibrium® 

The  report  of  the  damage  appraisers  listed  the  acreage  damaged 
and  the  degree  of  damage.  Thus,  in  the  lower  main  stream  area  of  Clear 
Fork,  30  acres  of  flood  plain  are  damaged  50  percent  by  scour®  The 
average  production  in  this  reach  is  about  $10*00  per  flood  plain  acre, 
therefore,  the  loss  in  production  is  $5.00  per  year  on  30  acres  or 


108 


Table  30.  Percent  Damage  to  Crops  and  Grassland  by  Flood  Depth  Intervals 

and  Seasons 

Brazos  River  Watershed  1_/ 


Crop 

Flood 

Depth 

April,  May 
June 

July,  Aug., 
Sept.,  Oct. 

Nov.,  Dec o,  Jan., 
Feb.,  March 

(feet) 

(percent) 

(percent) 

(percent ) 

Cotton  and 

0-2.0 

31 

41 

22 

Peanuts 

2 „ 1-4.0 

45 

55 

30 

4. 1-6.0 

53 

64 

36 

6.1  A over 

56 

65 

38 

Corn 

0-2.0 

37 

35 

7 

2. 1-4.0 

60 

57 

18 

4. 1-6.0 

65 

72 

31 

6.1  & over 

70 

83 

38 

Barley,  Oats, 

0-2.0 

47 

7 

5 

and  wheat 

2.1-4. 0 

60 

9 

35 

4. 1-6.0 

6S 

10 

50 

6.1  & over 

75 

10 

52 

Sorghum  and 

0«2  • 0 

26 

40 

23 

meadow 

2.1-4. 0 

37 

63 

26 

4. 1-6.0 

48 

65 

28 

6.1  & over 

52 

68 

29 

Grassland  2/ 

All  depths 

20 

8 

10 

l/  Exclusive  of  Little  and  Bosque  River  Watersheds. 


2/  Applies  only  to  moist  subhumid  climatic  area  belovr  Whitney  reservoir*. 
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Table  32*  Composite  Crop  and  Pasture  Damage  PLate  (I9I4.8  Prices)  per  Acre  Flooded,  by  Season 

and  Depth  of  Flooding,  Mulberry  Creek  Sample  Tributary 
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|150o00  annually®  Installation  of  the  recommended  program  will  have 
a beneficial  effect  by  reducing  the  acreage  scoured  annually  below  the 
acreage  showing  annual  recovery® 

The  values  of  scour  damage  obtained  in  this  manner  were  adjusted 
to  19U9  values  by  the  use  of  the  appropriate  indexes®-  No  adjustment 
was  made  in  crop  and  pasture  damage  estimates  for  damage  due  to  scour *, 
because  estimates  of  yields  are  based  on  conditions  existing  at  the 
present  time*  inclusive  of  scoured  areas® 

Other  Agricultural  Damages  Estimates  of  other  agricultural  dam™ 
age  were  based  upon  field  questionnaires®  Damages  to  fences D livestock*, 
buildings *,  trees *,  farm  roads 9 stored  crops  and  similar  agricultural 
property  were  tabulated®  The  totals  were  converted  to  a per-acre  figure 
by  dividing  the  acres  flooded  into  the  damage  from  each  flood®  Then  the 
per-acre  damage  rate  was  correlated  with  the  size  of  flood  in  proportion 
to  the  maximum  flood  plain  inundated®  Thus  it  was  found  on  Mulberry 
Creek  that  a flood  inundating  60  percent  of  the  flood  plain  would  cause 
an  average  "other  agricultural"  damage  at  1948  prices  of  $XoX0  per  acre 
(figure  24)  o "Other  agricultural  damages"  were  adjusted  from  1948 
levels  to  those  of  1949  by  using  the  indexes  of  prices  paid  for  items 
used  in  production®  This  conversion  factor*,  0®9520s  was  used  in  all 
sample  areas®  The  damage  of  $1®10  per  acre  under  1947  prices  would  be 
$lo04?  after  adjustment® 

Non-agricuitural  Damages  Road  and  bridge  damage  data  were  obtained 
on  schedules  from  farmers  and  from  county  and  state  highway  departments® 
Farmers  were  asked  to  estimate  the  amount  of  damage  to  roads  and  bridges 
with  which  they  were  familiar*,  from  specified  floods®  The  areas  damaged 
were  definitely  located  to  preclude  duplication®  These  estimates  were 
supplemented  by  information  from  highway  department  offices®  The  total 
damage  thus  estimated  from  any  one  flood  in  a sample  tributary  was  divided 
by  the  acreage  inundated  to  arrive  at  the  value  per  acre  of  the  damage 
from  that  flood®  Per-acre  damages  from  several  floods  were  plotted 
against  the  percentage  of  the  flood  plain  inundated  to  arrive  at  a per- 
centage-inundated-damage  relationship®  The  curve  for  Mulberry  Creek 
sample  tributary  at  1948  prices  is  shown  in  figure  25 o 

Urban  damages  in  the  Brazos  River  Watershed  are  small®  Estimates 
of  this  type  of  damage  were  obtained  from  city  officials  and  others 
familiar  with  local  history  and  from  files  of  local  newspapers®  Many 
communities  were  originally  built  on  the  banks  of  streams  to  insure 
a water  supply B but  have  since  moved  from  the  flood  plain  as  a result 
of  flooding  in  early  years® 

Some  industrial  installations *,  such  as  oil  pumping  stations*,  are 
located  on  the  flood  plains  of  streams®  Information  on  the  flood  prob- 
lems of  these  establishments  and  flood  damages  they  had  sustained  was 
obtained  through  interviews  with  field  personnel  and  correspondence 
with  the  offices  in  charge  of  such  installations® 
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Figure  24 

OTHER  AGRICULTURAL  DAMAGES, 
MULBERRY  CREEK 

BRAZOS  RIVER  WATERSHED  - TEXAS 
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Figure  25 

FLOOD  DAMAGE  TO  ROADS,  BRIDGES  8 RAILROADS 
MULBERRY  CREEK 

BRAZOS  RIVER  WATERSHED  - TEXAS 
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These  non»agricultural  damages  were  adjusted  from  19^8  to  X9U9 
prices  by  the  ENR  Index  of  Construction  This  factor , loOJ>U7 s>  "was  used 
in  all  sample  tributaries 0 

Indirect  Damages  Flood  damage  to  crops  causes  an  indirect  damage 
through  loss  of  business  in  the  community c For  instance , if  part  of  a 
cotton  crop  is  destroyed,  cotton  gins  and  compresses  will  lose  a part  of 
their  normal  profits  and  workers  in  the  gins  will  suffer  loss  of  wages 0 
Available  information  l/  on  relationships  between  the  volume  of  business 
and  the  profits  and  labor  earnings  was  analyzed  and  curves  were  constructed 
showing  the  relationship  of  indirect  damage  of  this  type  to  direct  dam= 
ageSo  Other  indirect  damages  attributable  to  floods  includes  losses  as 
a result  of  delay  or  rerouting  of  travel  and  transportation*,  relief  and 
rehabilitation  of  flood  victims,  and  similar  items © These  losses  were 
estimated  from  the  best  available  information  that  could  be  obtained o 

Sedimentation  Damages 

Valley  Sedimentations  The  monetary  estimates  of  sediment  damage 
under  present  conditions” were  based  on  the  rate  of  damage  during  the 
period  of  accelerated  deposition  in  the  past,  an  estimated  length  of  time 
during  which  this  rate  of  damage  may  be  expected  to  continue  and  field 
information  regarding  the  extra  expense  of  farming  when  the  land  has  been 
damaged  by  sediment  to  various  degrees  * These  expenses  are  the  extra 
field  operations  and  fertilization  required  each  year  to  maintain  tilth 
and  fertility©  These  expenses  were  calculated  for  a period  of  20  years 
and  brought  back  to  present  worth  at  I4.  percent  as  a capital  expenditure  © 


l/  Paulson*,  Wo  Eo,  ’’Efficiency  as  Applied  to  Cotton  Ginning  Business”, 
Bullo  65U»  Texas  Agricultural  Experiment  Station,  College  Station, 
Texas  % and  Billinger,  Roy  Ao,  ’’Financial  Operations  of  a Group  of 
Oklahoma  Farmers  Elevators  1930-32”,  Bullo  221,  Oklahoma  Agricultural 
Experiment  Station,  Stillwater,  Oklahoma  © 
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The  calculations  of  present  damages  from  overbank  deposition  of 
sediment  for  Mulberry  Creek  sample  area  illustrate  the  method  used; 

Acres  damaged  annually  by  sediment  . 5.5 

Present  worth  of  extra  expense  incurred 

as  a result  of  sediment  damage,  per  acre $50.00 


Annual  increment  in  capital  expenditure 

(5.3  x $50) 1265.00 

Years  during  which  present  rate  of  damage 

can  be  expected  to  continue . 30 

Present  worth  of  an  annuity  of  $265  per 

year  for  30  years  (17.29203  x $265).  .....  .$[{.,582. 00 

Interest  at  Ij.  percent  on  a capital  invest- 
ment of  $4,582  - (annual  damage)  .•••••••  $183.00 


There  is  no  duplication  of  damage  from  overbank  deposition  of 
sediment  and  floodwater  damage  by  this  method,  although  crop  and  pasture 
damage  will  include  a part,  but  not  all,  of  the  damage  from  loss  of 
fertility. 

Reservoir  Sedimentation:  A study  was  made  of  all  reservoirs  in  the 

Brazos  River  Watershed  on  which  the  storage  capacity  and  the  cost  of 
construction  were  available.  A curve  was  constructed  showing  the  aver- 
age relationship  between  storage  and  the  cost  of  construction,  under 
I9I4.8  prices,  per  acre-foot  of  capacity  (figure  26).  This  curve  was  used 
to  estimate  the  construction  costs  of  those  reservoirs  for  which  definite 
information  could  not  be  obtained. 

The  cost  of  each  of  the  reservoirs  ms  adjusted  from  19^8  to  I9L.9 
prices  by  the  ERR  Index  of  Construction  Costs . The  cost  of  building  a 
reservoir  providing  equal  useful  storage  but  with  no  dead  storage  was 
determined  from  the  curve  of  average  costs.  The  remainder  of  the  con- 
struction cost  Vi/ns  charged  as  the  cost  of  constructing  the  dead  storage 
pools.  Damage  due  to  sedimentation  was  calculated  on  the  cost  per 
acre-foot  of  providing  the  dead  storage  only,  l/  In  the  case  of  some 
reservoirs  for  municipal  Yirater  supply  where  no  cTead  storage  pool  Y/as  pro- 
vided, it  was  assumed  that  20  percent  of  the  total  capacity  would  be 
equivalent  to  the  dead  storage  pool. 


1/  On  flood  control  reservoirs  recommended  or  authorized  by  the  Corps  of 
Engineers,  the  conservation  pool  Yuas  included  Y\rith  the  dead  storage 
pool. 
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The  method  is  illustrated  by  reference  to  the  Whitney  Reservoir. 


1. 

Original  storage  capacity 

2,017,500  acre-feet 

2. 

Total  cost  to  build  ( 191x7  estimate) 

132,660,000 

*7 

Cost  adjusted  to  I9I4.9  (kZZ) 

■413 

$37,722,300 

b- 

Cost  per  acre-foot,  I9J4.9  prices 

$ I8.698 

5- 

Flood  control  storage  capacity 

1, 375 >300  acre-feet 

6. 

Ratio  of  cost  per  acre-foot  of  reser- 

voir  with  1,375*300  ac.-ft.  capacity 

to  one  of  2.0i7s500  ac.-ft.  capacity  1.0968:! 


7* 

Cost  of  flood  control  storage,  per 
acre-foot 

$ 

20.508 

8. 

Cost  of  providing  1,375*3^0  ac.-ft. 
flood  control  storage 

$28,2014,652 

9- 

Cost  of  remaining  storage 

ft 

9,517,^8 

10. 

Cost  per  ac.-ft.  of  other  storage 

ft 

III..  820 

11. 

Annual  damage,  present  conditions 

(2,235  X II4.. 82) 

1 

55*123 

Water  Treatment:  A considerable  number  of  the  cities  in  the 

watershed  use  reservoirs  as  a source  of  municipal  water  supply  and 
treat  the  water  for  removal  of  sediment.  The  cost  of  water  treatment 
for  sediment  removal  represents  a sediment  damage.  The  estimates  of 
damage  from  this  source,  based  on  present  costs,  presented  in  this  re- 
port are  probably  low  as  many  of  these  communities  are  contemplating 
construction  of  additional  reservoirs  for  water  supply. 


METHOD  OF  DETERMIHIHG  TOTAL  AMUAL  FLOOD 
AM)  SEDIMENT  DAMAGE 


Application  of  FI ood  Occurrenc e s to  Per  Acre  Damage  Rates 

Per  acre  values  of  crop  and  other  agricultural  damages,  as  shown 
in  table  32  and  figure  2ij.,  were  used  in  determining  total  agricultural 
flood  damages.  The  acres  flooded  by  depth- increments  and  by  seasons 
were  estimated  from  valley  cross-sections  in  sample  tributaries  and  in 
reaches  of  the  main  streams.  Curves  -were  then  constructed  (Appendix  III, 
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figures  20  and  21)  to  correlate  the  total  acreages  flooded  with  the 
runoff,  and  the  total  crop  and  grassland  damage  with  the  runoff,  by 
seasons  for  each  sample  tributary  and  main  stream  reach.  The  area 
flooded  and  the  total  crop  and  pasture  damage  by  each  flood  in  the 
period  (1933  through  19U7)  were  read  directly  from  the  curves  for  dam- 
ages both  under  present  conditions  and  in  the  future  without  the  recom- 
mended program.  The  average  annual  damage  was  calculated  by  dividing 
the  total  damage  by  the  15  years  in  the  period  of  record.  The  figures 
for  Mulberry  Creek  sample  tributary  area  are  given  in  table  33*  Values 
of  the  damage  in  the  future  with  the  recommended  program  installed  were 
obtained  from  the  curves  directly,  by  using  the  reduced  runoff. 

It  was  recognized  that  a series  of  floods  in  a single  year  would 
have  an  effect  on  the  damage  to  crops  by  preventing  the  complete  res- 
toration of  damageable  values  between  floods . This  effect  was  mea- 
sured, both  under  present  conditions  and  after  installation  of  the 
recommended  program,  in  four  sample  tributaries  by  working  out  the  dam- 
ages after  allowance  was  made  for  the  decrease  in  damageable  value  as 
a result  of  the  preceding  flood  and  for  the  opportunity  for  partial 
restoration  of  value  during  the  time  interval  between  two  consecutive 
floods.  When  these  results  were  plotted  the  relationship  shown  in 
figure  27  was  obtained.  These  data,  by  the  method  of  least  squares, 
give  a value  of  Y ~ 100.00  - 0.082266  X.  In  this  equation  X is  the 
percentage  of  the  total  flood  plain  that  the  average  acreage  flooded 
annually  represents,  and  Y is  the  adjusted  damage  expressed  as  a per- 
centage of  the  damage  that  ?70uld  have  occurred  had  each  flood  been  con- 
sidered as  a single  event.  The  coefficient  of  correlation  was  O.98Q. 
Adjustments  were  made  in  each  sample  area,  as  indicated  in  table  33, 
for  recurrent  flooding. 

In  order  to  calculate  damages  from  flood  plain  scour  an  index  of 
flooding  was  used.  The  total  acreage  flooded  during  the  15-year  period 
of  record  under  present  conditions  was  taken  as  100  percent  and  the 
total  acreages  flooded  under  future  conditions  with  the  recommended  pro- 
gram installed  were  expressed  as  percentages  of  the  present  acreages. 

The  present  damage  was  then  multiplied  by  these  percentages  to  derive 
the  damage  under  future  treated  conditions. 

For  example  the  average  annual  loss  in  production  from  the  approxi- 
mately I32  acres  in  Mulberry  Creek  sample  area  that  are  damaged  by  scour 
was  estimated  at  §[{.57  ( 19^-9  prices). 

The  total  acreage  flooded  from  1933  through  19h7,  95*^70  acres 
(table  33) , is  taken  as  100  percent.  Then,  7h>73^  acres  flooded  after 
installation  of  land  treatment  measures  is  78*6  percent  and  the  65,307 
acres  flooded  after  installation  of  the  floodwater  retarding  structures 
represents  68*7  percent.  Therefore,  the  annual  damage  in  Mulberry 
Creek  sample  tributary  area  from  flood  plain  scour  is  expected  to  aver- 
age 1359  after  installation  of  land  treatment  measures  and  ^3^-4  after 
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Table  33*  Crop  and  Grassland  Damage  (at  191+8  Prices)  and  Acreage 
Flooded,  by  Recorded  Floods,  1933“19U7,  Inclusive 
Mulberry  Creek  Sample  Tributary 

Brazos  River  Watershed 


c 

• 

c 

Under  Present  % 

Conditions  i 

With  Land  Treat-  : 
ment  Measures  s 

With  Recommended 
Program  l/ 

Date  of  Storm  sA.rea  Flooded?  Damage? Area  Flooded?  Damages Area  Flooded?  Damage 

( 

acres ) 

(dollars ) 

(acres ) 

(dollars ) 

(acres ) 

(dollars ) 

1.  May  23-24,1933 

6,300 

8,300 

5,400 

6,900 

4,540 

5*680 

2®  Feb.  8*-  19^5 

1,280 

620 

835 

383 

835 

383 

3,  May  14-17,1935 

5,100 

6,ij.50 

4,120 

5,ioo 

3,570 

4,360 

J4.0  June  12-13,1935 

2,250 

2,680 

1*530 

1,810 

1,420 

1*660 

5®  Sept®  2,1935 

4,200 

3,630 

3,310 

2,860 

2*850 

2,360 

6.  Sept .15-17,1936 

6,850 

6,320 

6,050 

5,450 

5,100 

4,500 

7®  Aug .21,  1937 

3,980 

3,420 

3*120 

2,680 

2,650 

2,190 

8.  March  26-28,1938  3,720 

2,180 

2,720 

1,480 

2*280 

1,210 

9.  May  21,  1938 

6,860 

9*200 

6,050 

7*920 

5,100 

6,470 

10 o June  8,  1938 

2,850 

3,410 

1,880 

2,260 

1,800 

2*120 

11.  July  20-24,1938 

8,320 

8,780 

8,150 

8,U6o 

7*537 

7,368 

12.  May  27-28,1939 

4,200 

5*200 

3,310 

l+,ol+o 

2,850 

3.410 

13.  June  18-20,1939 

3,260 

3*930 

2,380 

2,850 

2,160 

2*350 

14.  Oct.  9,  1939 

2,500 

2,130 

l,64o 

1,420 

1,550 

1*270 

15  0 May  2,  19Ul 

4,120 

5*100 

3,120 

3,800 

2,650 

3,160 

I60  May  21,  191+1 

4,330 

5,400 

3,420 

4.170 

2,850 

3,410 

17 0 June  10,  19Ul 

2,380 

2,850 

1,640 

1,960 

1*530 

1,820 

18.  Oct. 15,  1941 

5*950 

5*330 

5,ioo 

i+*l+6o 

4.330 

3,690 

19®  Sept®  7*  I9I42 

3,980 

3,420 

5*120 

2,680 

2,650 

2*190 

20®  Oct  0 16-17  s19l+2 

3,630 

3*020 

2,720 

2*320 

2,280 

1*880 

21®  May  22,  1914+ 

1*530 

1,810 

945 

1,080 

945 

1,080 

22.  July  21-22,1944 

1,280 

1,090 

835 

665 

835 

665 

23®  Aug®  8,  191+5 

615 

480 

- 

- 

- 

=- 

24.  Oct.  9,  1945 

1,280 

1*090 

835 

665 

835 

665 

25.  May  10,  1947 

3,420 

4,170 

2,500 

2,980 

2,160 

2*550 

26®  June  20,  19U7 

835 

950 

- 

- 

- 

Total 

95*070 

100,960 

74,730 

78,593 

65.307 

66,141.1 

Average  Per  Year 

6,338 

6,731 

4,982 

5,226 

4,354 

4.429 

Adjustment  Factor  for 

Recurrent  Flooding 

(Figure  27) * Percent 

93.75 

95.07 

95*70 

Adjusted  Average  Annual 

Damage 

6,310 

4,968 

4,238 

l/  Land  Treatment  Measures  plus  Flood-water  Retarding  Structures 
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installation  of  the  flood-water  retarding  structures.  Indexes  of 
flooding  on  main  stream  reaches  and  on  sample  tributaries  are  shown 
in  table  3!** 

This  index  of  flooding  -was  also  used  in  the  calculation  of  re- 
ductions in  the  rate  of  deposition  of  valley  sediment. 

Other  agricultural  damages  were  calculated  by  applying  the  per  acre 
damage  factors  (figure  2 14.)  to  the  acreage  inundated  by  each  flood  in  the 
historical  series.  The  total  damage  sustained  during  the  period  of  record 
was  divided  by  the  number  of  years  in  the  period  (13)  to  determine  the 
average  annual  damage.  This  is  illustrated  in  table  35° 

Road  and  bridge  damage  was  calculated  by  use  of  percentage  of  flood 
plain  inundated-damage  rate  curves  (figure  25) • The  damage  rate  for  each 
damage-producing  flood  was  read  from  the  curve  and  applied  to  the  acreage 
inundated  to  arrive  at  the  damage  from  that  flood  (table  36)  • The  curves 
for  the  various  sample  tributaries  differed  in  the  point  where  damage 
began,  in  the  slope  of  the  curve,  and  in  maximum  damage  rate,  but  they 
were  similar  in  general  shape  and  characteristics. 

Damage  to  urban  communities  and  industrial  installations  was  calcu- 
lated directly  in  the  areas  concerned.  Damages  from  sedimentation  of 
reservoirs  were  apportioned  back  to  the  subwatersheds  in  the  reservoir 
drainage  area  on  the  basis  of  sediment  output  of  the  subwatershed  and  its 
distance  above  the  reservoir o 

Mien  the  average  annual  damages  under  present  conditions  and  with 
only  the  land  treatment  measures  installed,  by  types  of  damage  other  than 
urban,  industrial,  and  reservoir  and  valley  sedimentation,  were  calculated 
for  a sample  tributary  (table  37)  they  were  expanded  to  the  subwatershed 
in  the  ratio  of  the  drainage  area  of  the  sample  tributary  to  the  entire 
drainage  area  in  the  subwatershed  represented  by  that  sample.  Reductions 
in  damages  after  installation  of  floodwater  retarding  structures  or  channel 
improvement  were  not  expanded  on  the  areal  base,  but  they  were  dependent 
on  the  amounts  of  these  independent  measures  installed.  No  expansion  was 
made  for  reaches  of  the  main  stream  in  the  subwatershed.  Table  38  illus- 
trates this  procedure  for  the  Clear  Fork  subwatershed. 

A summary  of  all  floodwater  and  sediment  damages  is  shown  in  table 
39  and  their  present  location  in  figure  23* 
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Table  3U°  Index  of  Area  Flooding,  AH  Floods  under  Present  Conditions 

and  with  the  Recommended  Program 
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Table  38°  Summary  of  Floodwater  and  Sediment  Damage s 19b9  Prices , Under  Present 
Conditions,  With  Land  Treatment  Measures,  and  with  Land  Treatment  Measures  Plus 
Floodwater  Retarding  Structures  Installed,  Clear  Fork  Subwatershed 

Brazos  River  Watershed 


s i_ Average  Annual  Damage 

s Area  s Under  sWiih  Land  Treat~s Floodwater  Re- 
Portion  of  Subwatershed  s Expansions  Present  sment  Measures  starding  Stru 

Type  of  Damage  % Factor  sConditionss  Installed  l/  stures  Added 

” (doll  ar  s ) f do  liars  7"""^  (dollars) 


Main  Stream  (Reaches  7”11)  1.00 

Crop  and  Grassland 
Flood  Plain  Scour 
Other  Agricultural 
Roads,  Bridges,  R.R. 

Indirect 

Main  Stream  (Reaches  I-I4.)  loOO 

Crop  and  Grassland 
Flood  Plain  Scour 
Other  Agrioul tiara  1 
Roads,  Bridges,  R.R. 

Indirect 

Mulberry  Creek  9*22 

Crop  and  Grassland 
Flood  Plain  Scour 
Other  Agricultural 
Roads,  Bridges,  R.R. 

Indirect 

Subwatershed 

Crop  and  Grassland 
Flood  Plain  Scour 
Other  Agricultural 
Roads,  Bridges,  R.R. 

Other  Non “Agricultural 
Valley  Sediment  Deposition 
Reservoir  Sediment  Deposition 
Water  Treatment 
Indirect 

Grand  Total 


35-518 

21,222 

18,945 

145 

100 

90 

4.967 

2,551 

1,834 

574 

162 

50 

k»h3h 

2,835 

2,228 

12,699 

4,292 

1,523 

179 

58 

21 

5,769 

1,378 

92 

1,076 

107 

0 

1,520 

438 

58 

49,087 

38,650 

33,723 

4,214 

3,319 

2,997 

58,252 

39,074 

29,011 

11,516 

7,311 

5,113 

6,181 

4,952 

4,143 

95,304 

6I4. 5 I6I4. 

54,196 

4,533 

3,477 

3,108 

68,988 

43,003 

30,937 

13,166 

7,580 

5,163 

1,607 

854 

575 

1,999 

1 ,686 

1,525 

41,941 

28,766 

15,590 

3,883 

2,640 

1,436 

12,155 

8,225 

6,429 

243, $81 

160,395 

113,959 

l/  With  the  going  program  and  the  land  treatment  measures  of  the  recommended 
program  installed. 


£?/  With  both  the  going  program  and  the  land  treatment  measures  of  the  recom*= 
mended  program  and  floodwater  retarding  structures  installed. 
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Table  39°  Average  Annual  Flood  Damages,  19U9  Prices,  by  Sub-watersheds 

Brazos  River  Watershed 


; Average 

Annual  Floodwater 

and  Sedimentation 

Damage 

Subwatershed 

JtJnder  Pre- 
s sent  Condi® 
: tions 

i With  Land  Treat* 
: ment  Measures 
i Installed  l/ 

With  Floodwater 
: Retarding  Struc* 
: tures  Added 

sWith  C han- 
't nel  Improve- 
ment Added 

(dollars) 

(dollars) 

(dollars) 

(dollars ) 

Salt  Fork 

64,734 

53,775 

1+1,321 2/ 

1+1,321 

Brazos  above 
Possum  Kingdom 

171,357 

130,259 

130,259 

130,259 

California  Creek 

135.860 

108,691 

108,691 

108,691 

Elm  Creek 

48,474 

33,163 

33,163 

33.163 

Hubbard  Creek 

52,831 

1+0,516 

19,703  2/ 

19,703 

Clear  Fork 

2U3.581 

160,395 

118,959  2/ 

118,959 

Possum  Kingdom 

28,878 

22,796 

li+,878  y 

H+,878 

Possum  Kingdom 
to  "Whitney 

310,71+9 

252,010 

221,261+  3/ 

221,261+ 

Palo  Pinto 

39,739 

3U553 

11,811+  if 

11,811+ 

Paluxy  Creek 

212,121+ 

173.731+ 

127,205  3/ 

127*205 

Nolands  River 

34,357 

26,209 

26,209 

26,209 

Aquilla  Creek 

394,331 

305.621+ 

21+6,722 

21+6,722 

Whitney  to  Waco 

87,81+7 

72,1+05 

67,923 

67,923 

Waco  to  Little 
River 

1,769,125 

1.1+57,61+5 

1,11+5,595 

1,01+1,179 

Little  Brazos 

1,890,1+61+ 

1,381,996 

999,981+ 

999,981+ 

Navasota  above 
Dam 

510,208 

1+11,816 

352,221 

29i+ ,1+1+2 

Yegua  above  Dam 

131+,  506 

10t+,l+91 

81+.108 

84,108 

Mill  Creek 

258,335 

237,058 

202,273  2/ 

197,534  2/ 

Little  River  to 
Irrigation 

273,683 

251,11+0 

213,397  2/ 

206,319  2/ 

Brazos  exclusive 
of  Little  and 
Bosque  Rivers 

6,661,181 

5,255,276 

1+,  165 ,689  3/ 

3,991,677  3/ 

Little  River 

7,396,703 

5,985,612 

3,615,598 

3,560,675 

Bosque  River 

1+92,192 

373,632 

239,316 

239,316 

Total  » 3razos 
River  Watershed 

H+,550,076 

ll,6li+,520 

8,020,603  3/ 

7,791,668  3/ 

l/  Includes  the  going  program  and  the  land  treatment  measures  of  the  recom- 
mended programo 


£/  Independent  measures  not  recommended  at  this  time® 

3/  Only  a portion  of  these  independent  measures  recommended  at  this  time* 
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APPENDIX  Y 1 


RECOMMENDED  PROGRAM 

Field  Examinations  of  conditions  were  made  in  all  sample  tributary 
watersheds  (figure  12) o All  measures  and  practices  applicable  to  the 
various  conservation  problem  areas  were  considered o A determination 
was  made  as  to  which  measures  were  of  primary  importance  to  the  ob~ 
jeetives  of  runoff  and  waterflow  retardation  and  soil  erosion  control e 
Soil  Conservation  Service  work  unit  personnel p regional  technicians 
and  soil  conservation  district  supervisors  were  consulted  concerning 
the  need  forp  and  the  feasibility  of*  measures  in  determining  whether 
they  should  be  included  in  the  recommended  programo 

To  assist  in  analysis  of  the  effects  and  costs  of  measures  or 
combinations  of  measures , the  following  groupings  were  made?  l/ 

io  Those  parts  of  th©  going  agricultural  programs  in  the  watershed 
which  were  deemed  of  primary  importance  to  the  objectives  of 
the  Flood  Control  Acto  It  was  assumed  that  the  application 
of  such  measures  would  continue  at  a rate  at  least  equal  to 
the  present  rate*  as  measured  by  records  of  agricultural 
agencies  for  the  period  I9h&  through  I9b9  ° Since  the  measures 
in  this  group  are  currently  being  installed 9 the  portions  which 
can  be  expected  to  be  installed  during  the  evaluation  period 
are  not  included  in  the  recommended  program  nor  are  they  dis- 
cussed in  details  see  2 (a)  below* 

2o  The  program  recommended  in  this  report  is  as  follows s 

(a)  The  acceleration*  intensif ication*  or  adaptation  of 
such  portions  of  the  going  programs  to  the  extant 
necessary  to  achieve  flood  control  objectives o This 
portion  of  the  recommended  program  is  called  land  treat- 
ment measures o 

(b)  Additional  measures  not  now  regularly  installed  but  con- 
sidered necessary  to  complete  a balanced  runoff  and 
waterflow  retardation  and  erosion  control  program  for  the 
watershed c This  portion  of  the  recommended  program  is 
called  independent  measures. 

The  present  speed  of  application  of  measures  under  the  going  pro- 
grams and  the  possibilities  of  acceleration  was  considered  in  esti- 
mating  the  time  which  would  be  necessary  to  apply  the  recommended 

T 7 Pages  1 and  2 of  Secretary’s  memorandum  dated  Septo  29 » 19U9« 

Subject  ’’Policies  and  Procedures  to  Guide  the  Preparation  of 
Flood  Control  Survey  Reports’**  as  amended  and  supplemented*  Jan06* 

1950  c 


i 
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programs  It  was  decided  that  an  installation  period  of  approximately 
15  years  would  be  necessary  for  completion  of  the  recommended  program 
on  substantially  all  farms  and  ranches  in  the  watershedo 

Investigation  of  damages  and  possible  benefits  showed  that  some 
areas  in  the  watershed  would  not  justify , at  this  time,  the  acceleration 
of  land  treatment  measures o In  these  areas  the  going  programs  of  land 
treatment  measures  are  assumed  to  continue  at  their  present  rates  and 
acceleration  is  not  recommended  at  this  timeo  The  areas  are  shown  on 
figure  28  and  comprise  the  High  Plains,  a large  portion  of  the  Rolling 
Red  Plains  and  the  Cost  Prairie  conservation  problem  areaso 

The  following  sections  describe  the  measures  which  are  included  in 
the  recommended  programs  Quantities  of  measures,  their  cost  of  install- 
ation  and  the  distribution  of  these  costs  are  presented  in  table  L;0o 
The  average  annual  costs  of  the  recommended  program  are  shown  in  table  I4.I0 

Two  Interim  Survey  Reports  l/  on  watersheds  tributary  to  the 
Brazos  River  in  Texas  have  been  completed o These  are  the  Little  River 
Watershed  and  the  Bosque  River  Watersheds  Eaoh  presents  a program  of 
runoff  and  the  waterflow  retardation  and  soil  erosion  prevention  for  its 
drainage  area0  In  this  report  these  two  river  watersheds  are  con- 
sidered as  subwratersheds  of  the  Brazos  River  Watershed  and  the  measures, 
costs  and  benefits  are  included  as  an  integral  part  of  the  program  here- 
in recommended  for  the  Brazos  River  Watersheds 

Maintenance  of  practices  and  measures  on  non-Federal  land  is  con- 
sidered the  primary  responsibility  of  local  or  private  interests « The 
estimated  costs  thereof  are  presented  in  the  report  as  non-Federal  but 
it  is  recognized  that  the  Department  of  Agriculture  has  responsibilities 
to  see  that  the  maintenance  is  carried  out  to  the  extent  that  the  going 
programs  of  the  Department  cannot  adequately  meet  these  requirements 
of  maintenances  The  Secretary  may  request  funds  under  appropriate 
authorities  for  carrying  out  maintenance  of  these  measures  and  practices 0 


l/  Brazos  River  and  Tributaries,  Interim  Survey  Report,  Department  of 
Agriculture,  Little  River  Watershed,  Texas,  July  1950° 

Brazos  River  and  Tributaries,  Interim  Survey  Report,  Department  of 
Agriculture,  Bosque  River  Watershed,  Texas,  July  1950o 
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Grand  Total  - - 68*557,681  9,577,911  30,403,513  108,539,105 
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Table  40  (continued)  =>  Quantities  of  Measures  and  Distribution  of  Installation  Costs 

of  the  Recommended  Program  (1949  Prices) 

Brazos  River,  Texas. 
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JL/  Includes  interest  on  installation  cost  plus  amortization  of  construction  costs  of  floodwater  retarding  structures 
during  a 100-year  period. 
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Table  41  (continued)  - Distribution  of  Average  Annual  Costs  of  the  Recommended  Program  (1949  Prices) 
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during  a 100-year  period. 
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LAND  TREATMENT  MEASURES 

The  recommended  program  described  herein  -was  designed  to  alleviate 
the  problems  of  runoff  and  w&terflow  retardation  and  soil  erosion  con- 
trol which  exist  in  the  Brazos  River  Watersheds  Field  examinations 
were  completed  in  twelve  sample  tributaries  in  the  Little  and  Bosque 
River  Watersheds  and  in  eight  additional  tributaries  in  the  remaining 
subwatersheds  of  the  Brazos  River  Watershed o 

Since  the  land  use  adjustments  and  land  treatment  measures  will 
be  applied  to  the  farms  and  ranches  of  the  watershed  by  the  landowners 
and  operators , it  is  essential  that  the  measures  and  practices  be 
planned  to  accomplish  the  flood  control  objectives  without  unduly  dis- 
rupting  the  economy  of  the  area  or  the  individual  farm®  The  measures 
selected  will  achieve  maximum  utilization  of  the  soil  to  absorb  and 
hold  rainfall  and  will  protect  the  soil  from  erosion*  Soil  conserva- 
tion district  officials  and  regional  and  field  technicians  were  con- 
sulted concerning  the  practicability  and  feasibility  of  the  measures 
recommended o 

Nearly  all  of  the  Brazos  River  Watershed  is  included  within 
organized  soil  conservation  districts  (figure  6)*  The  work  plans  and 
programs  of  these  districts  recommend  land  use  and  treatment  standards 
for  all  lands  and  reflect  the  best  judgment  and  most  recent  information 
available  on  soil  and  water  conservation*  Application  of  measures 
has  been  in  progress  for  several  years  and  treatment  has  been  initiated 
on  1,31+3,500  acres  in  the  Little  River,  Xl6s000  acres  in  the  Bosque  River 
and  on  5*661,500  &cres  in  the  remainder  of  the  Brazos  River  or  a total  of 
7S121S000  acres* 

Establishment  of  New  Grassland 


The  major  land  use  adjustment  needed  in  the  Brazos  River  Watershed 
is  the  establishment  of  an  adequate  grass  cover  on  approximately 
1^822,585  acres  of  land  which  is  now  cultivated  or  lying  idle*  Approx- 
imately 107 a870  acres  in  the  Little  River , 18,750  acres  in  the  Bosque 
River  and  121,309  acres  in  the  remainder  of  the  Brazos  River  will  be 
established  by  the  recommended  program  and  l957U$65i+  acres  in  the  Brazos 
River  Watershed  will  be  established  by  the  going  program*  Table  I4 2 shows 
the  land  use  of  the  watershed  at  present  and  after  land-use  adjust- 
ments have  been  completed* 

Terraces 

All  cultivated  land  subject  to  water  erosion.,  except  deep  sandy 
soils,  will  be  terraced*  By  decreasing  the  length  of  slope  on  which 
runoff  water  travels,  terraces  greatly  reduce  sheet  erosion  and  the 
development  of  gullies*  The  low  velocity  at  which  runoff  water  flows 
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along  the  terrace  channel  reduces  the  load  of  sediment  which  it  can 
carry,,  Installation  costs  per  mile  are  as  follows; 

Remainder  of  Brazos  River 

Little  River  Bosque  River  Brazos  River  Watershed 

fl34e05  $128,77  $132®96  $133®  11 

Annual  maintenance  costs  are  estimated  at  10  percent  of  installa- 
tion. 

Field  Diversions 

Field  diversions  will  be  constructed  to  intercept  and  route  run- 
off to  selected  points  to  protect  severely  eroded  areas P valuable 
cropland  and  local  high  damage  areas.  In  some  cases  field  diversions 
rail  be  used  as  the  top  terrace  in  a terrace  system® 

Costs  per  mile  are  estimated  as  follows; 

Remainder  of  Brazos  River 

Little  River  Bosque  River  Brazos  River  Watershed 

5242,84  $196,37  $319,34  $301,33 

Annual  maintenance  costs  are  estimated  as  3 percent  of  installa- 
tion® 


Coyer  Crops 

The  use  of  annual  legumes  or  closely-seeded  crops  to  protect  the 
surface  of  the  soil , during  seasons  when  clean  cultivated  ps  leave 
the  surface  bare  of  vegetation,  decreases  runoff  and  -oss  and 

increases  the  rate  of  water  penetration  into  the  soil.  The  cost  of 
installation  for  this  practice  is  estimated  at  $3,75  per  acre  which 
Includes  seed  and  planting  costs® 

Other  Cropland  Conservation  Measures 


Additional  farm  practices  are  necessary  on  cropland  areas  to 
retard  runoff  and  protect  the  soil  from  erosion.  All  crops  on  fields 
not  protected  by  terraces  will  be  planted  and  cultivated  on  the  contour 
to  reduce  runoff  and  erosion®  Crop  residue  management  and  con- 
servation crop  rotations  will  be  practiced  on  nearly  all  cultivated 
land  to  reduce  runoff  and  erosion,,  to  improve  the  physical  condition 
of  the  soil,  and  to  increase  soil  fertility  and  water-holding  capacity® 
Ho  costs  were  considered  applicable,  as  these  measures  become  a part 
of  the  farming  system  without  increasing  the  farm  operating  cost< 
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Farm  and  Group  Waterways  » 

Natural  and  constructed  waterways , including  terrace  outlets, 
will  be  stabilized  to  reduce  sediment  yields  and  land  destruction 
resulting  from  uncontrolled  runoff.  These  waterways  will  be  shaped 
where  necessary  and  vegetative  cover  established  by  seeding  or  sodding 
of  adapted  grasses « 


The  estimated  costs  per  mile  are  as  follows? 

Remainder  of 

Little  River  Bosque  River  Brazos  River 

$159 o6l  $228o 00  $150089 


Brazos  River 
Watershed 

$152 o90 


Annual  maintenance  is  estimated  as  5 percent  of  the  shaping  and 
sodding  costs® 

Gully  Stabilization 

Approximately  2,378  miles  of  gullies  (976  in  the  Little  River , 

561  miles  in  the  Bosque  and  1 p Ol_j.l  miles  in  the  remainder  of  the  Brazos 
River  Watershed)  will  be  stabilised  by  the  use  of  applicable  measures 
such  as  divers  ions 9 bank  sloping , seeding  and  sodding  * fertilization 
and  mulching.  Measures  for  the  large  gullies  include  drop  structures , 
small  earthfill  dams , drop  inlets  and  such  other  stabilization  devices 
as  are  necessary. 

The  estimated  costs  per  mile  are  as  follows? 

Remainder  of  Brazos  River 

Little  River  Bosque  River  Brazos  River  Watershed 

#966.32  $88t(.o20  #l»U68oi;l  $i0201o32 

Annual  maintenance  costs  are  estimated  as  5 percent  of  installation o 


Establishment  of  New  Grasslands 

Idle  land  or  cropland  subject  to  severe  erosion  will  be  seeded  to  . 
native  grass  or  grass-legume  mixtures  to  prevent  excessive  erosion  and 
runoff®  The  capability  of  the  land  will  be  ysed  as  a guide  in  deter* 
mining  the  utilization  and  establishing  the  type  of  grass  cover  needed® 
The  measures  needed  to  establish  grass  cover  are  preparation  and  plant- 
ing, fertilizations  and  fencing  to  protect  the  seeded  area. 
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Costs  per  acre  of  establishment  are  as  follows? 

Remainder  of  Brazos  River 

Little  River  Bosque  River  Brazos  River  Watershed 

133 o 15  $38.07  $21.15  $28.95 

Annual  maintenance  costs  are  estimated  to  be  5 percent  of  fence 
construction  or  |0o70  per  acre  in  the  Little  River , |0®96  per  acre 
in  the  Bosque  River a and  $0®25  per  acre  in  the  remainder  of  the  Brazos 
River  * 

Improvement  and  Management  of  Existing;  Grasslands 

This  group  of  measures  will  be  applied  individually  or  in  com- 
bination to  the  present  grassland  area  for  the  purpose  of  increasing 
the  protective  cover 0 The  increase  in  amount  of  litter  and  in  root 
growth  will  decrease  runoff  rates ® Grazing  managements  including 
deferred  and  rotation  grazing,  will  be  practiced  on  all  existing 
grasslands  to  improve  the  distribution  and  density  of  desirable  grasses e 

Seeding  of  grasslands  which  have  an  inadequate  protective  cover 
of  perennial  grasses  will  be  necessary  in  many  areas ® Areas  now  grazed 
but  covered  with  brush  or  light  woods  will  be  cleared  and  reseeded, 
where  necessary,  to  promote  the  growth  of  desirable  grasses* 

The  estimated  costs  per  acre  of  improvement  are  as  follows? 


Little  River 

Bosque  River 

Remainder  of 
Brazos  River 

Brazos  River 
Vfetershed 

$11.53 

HU.  lit 

$Uoi| 1 

#5.01 

No  maintenance  costs  were 

estimated® 

Sufficient 

seed  gathering. 

cleaning  and  planting 

equipment  is 

needed  to  facilitate  seeding  the  pasture  areas  and  to  enable  the  land- 
owners  to  develop  their  own  seed  gathering  and  cleaning  program  in 
order  to  attain  the  recommended  accelerated  rate  of  application  of 
vegetative  measures®  The  cost  of  the  equipment  is  a Federal  cost  and 
operation  and  maintenance  including  replacement  during  the  period 
of  installation  is  a private  costo 
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The  cost  is  estimated  as  follows; 


Little  River 


Cost  of 
Equipment 

$ 62,700 

$ 16,000 


15-year  period  of 
Operation  & Maintenance 

$ 1420,000 


Bosque  River 


$ 100,000 


Remainder  of 
Brazos  River 


1186,000 


$1,260,000 


Brazos  River  Watershed  $2614,700 


$1,780,000 


Maintenance  and  replacement  costs  will  approximate  50  percent  per 
year  on  this  type  of  machinery* 

Woodland  Fire  Protection 

Approximately  500,000  acres  of  private  woodland  in  the  Forested 
Coastal  Plain  portion  of  the  watershed  will  be  protected  from  fires, 
the  goal  being  to  limit  the  annual  burn  to  1 percent  or  less  of  the  area 
under  protection*  This  woodland  consists  of  low-grade  scrub  hardwoods 
of  little  commercial  value*  None  of  it  is  under  organized  protection 
and  it  is  unlikely  that  any  of  it  will  receive  such  protection  under 
going  programs  during  the  next  15  years* 

A low~cost  extensive  type  of  protection  is  proposed  which  will 
utilize  local  voluntary  services  and  cooperative  effort  in  preventing 
and  suppressing  forest  fires*  Public  assistance  will  be  provided  local 
groups  in  organizing  for  protection,  in  supplying  fire  control  equipment 
where  needed,  and  in  carrying  on  educational  work  to  prevent  fires  and 
enlist  public  support  and  participation* 

The  estimated  cost  of  providing  adequate  fire  protection  is  2 cents 
per  acre  annually  during  the  15-year  period  of  installation  and  annually 
thereafter*  To  enable  effective  accomplishment  of  the  measure,  the 
Federal  Government  will  bear  up  to  75  percent  of  the  cost,  the  remainder 
to  be  borne  by  the  State  with  such  local  or  private  contributions  as  may 
be  available*  A substantial  Federal  contribution  is  required  because 
timber  values  are  lacking  and  the  area  is  of  low  priority  for  protection 
under  going  programs* 

Technical  Services 

Technical  services  will  be  made  available  to  owners,  operators 
and  administrators  of  farm  and  ranch  lands  for  planning  and  applying 
the  necessary  land  use  adjustments,  for  planning  and  applying  land 
treatment  practices  and  measures,  and  for  integrating  this  work  with 


. 


other  measures  included  in  the  recommended  program*  The  cost  of 
furnishing  these  services  is  a Federal  cost  and  approximates  $>2*00 
per  acre  affected  during  the  15-year  period  of  installation  as 
follows  s 

Little  River  $ 3 ,&75 *000 


Bosque  River 
Remainder  of  Brazos 
Brazos  River  Watershed 


$ 825,000 
.$  9.69U.605 
$I!4.,X9U,605 


The  estimated  costs  of  independent  measures  include  engineering 
and  design  costs , and  these  are  not  included  in  the  estimated  cost 
of  technical  services* 


Educational  Assistance 

Land  owners  and  operators  will  be  furnished  educational  assis- 
tance* They  will  be  supplied  information  as  to  the  manner  in  which 
services  and  assistance  are  made  available  through  the  various 
governmental  agencies,  and  how  they,  by  their  own  efforts  can  con- 
tribute most  economically  to  the  success  of  the  program*  Intensi- 
fied educational  efforts  will  be  directed  to  familiarizing  farmers  with 
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the  recommended  practices  and  measures,  how  to  install  and  apply 
measures  not  requiring  technical  assistance  and  how  to  maintain 
such  measures®  The  cost  of  educator!  assistance  on  a subwatershed 
basis  has  been  estimated  by  the  Agricultural  Extension  Service® 

The  cost  of  educational  assistance  per  acre  treated  or  square 
mile  of  watershed  area  is  approximately  as  follows? 

Per  Acre  Per  Square  Mile 


Little  River 

$0.17 

$42.35 

Bosque  River 

$0.17 

$42.06 

Remainder  of 

Brazos  River 

$0.19 

$31.39 

Brazos  River 

Watershed 

$0.18 

$34.15 

Administrative  Cost  of  Direct  Aids 

The  recommended  program  includes  the  payment  of  direct  aids  to 
individual  farmers  and  ranchers  by  the  Federal  Government  to  defray 
portions  of  the  cost  of  certain  measures®  These  Federal  payments  are 
based  upon  present  rates  of  payment  per  unit®  Payment  on  the  units 
to  be  treated  under  the  recommended  program  would  therefore  occur 
during  the  15-year  period  of  installation  and  would  not  duplicate 
payments  made  under  the  going  programs®  The  cost  of  administering 
these  direct  aids  is  5 percent  of  the  payment®  The  Federal  cost 
of  administering  direct  aids  per  acre  treated  is  as  follows? 

Little  River  f>0»10 

Bosque  River  |0®08 

Remainder  of  Brazos  River  $0®16 

Brazos  River  Watershed  $0®X4 


, 

1 . 


. 


' t'l 


■ 

. 


•• 
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INDEPENDENT  MEASURES 


Floodwater  Retarding  Structures 

Surveys  of  possible  floodwater  retarding  structure  sites  were  made 
in  20  sample  tributaries  within  the  Brazos  River  Watershed.  Considera- 
tion was  given  to  the  location  and  evaluation  of  these  sites  on  the 
basis  of  the  additional  protection  from  overflows  which  they  would 
afford  in  addition  to  reductions  In  runoff  resulting  from  land  treat- 
ment measures  applied  to  the  areas  above.  It  was  determined  that  a 
system  of  structures,  located  on  small  upland  branches,  is  feasible  and 
is  needed  to  reduce  the  frequency  and  severity  of  flooding  on  the  cul- 
tivated, alluvial  areas  below  each  structure  (figure  29).  It  is 
estimated  that  approximately  555  upstream  floodwater  retarding  structures 
are  needed  for  the  entire  watershed,  of  which  287  are  in  the  Little 
River  Watershed  and  61  are  in  the  Bosque  River  Watershed.  The  approxi- 
mate number  and  average  size  of  these  structures  are  shown  by  subwater- 
sheds in  table  26. 

The  typical  structure  will  have  about  10  square  miles  of  drainage 
area  and  will  be  located  directly  above  cultivated  alluvial  lands  which 
are  frequently  overflowed.  The  structures  are  located  and  designed  to 
reduce  usual  peadc  flows  to  discharges  smaller  than  channel  capacity 
during  the  majority  of  flood-producing  storm  periods  and  will  achieve 
substantial  reductions  in  flood  damage. 

The  average  structure  will  be  rolled-earth  fill  and  provided  with 
a drop  Inlet  for  automatic  draw-down  to  the  top  of  the  conservation 
storage  pool  within  144  hours.  Side  spillways  will  be  provided  for 
discharges  which  may  occur  In  excess  of  the  capacity  of  the  draw-down 
tube  and  reservoir  storage.  As  required  for  safety  and  economy  and 
determined  by  the  characteristics  of  each  site,  either  sod,  concrete 
or  a combination  of  both  will  be  used  in  the  spillway  construction. 
Investigations  indicate  that  concrete  side  spillways  will  be  needed 
on  about  50  percent  of  the  structures. 

The  volumes  of  retarding  storage  in  each  structure  will  be  suffi- 
cient to  detain  about  3 inches  of  flood  runoff  from  the  drainage 
area.  This  amount  will  be  in  addition  to  the  amount  discharged  through 
the  draw- down  tube  during  the  period  of  watershed  runoff.  In  addition, 
a conservation  pool  of  not  more  than  250  acre-feet  in  capacity  may  be 
provided  for  a sediment  catch  basin.  The  amount  will  be  varied  in 
accordance  with  local  requirements  and  the  condition  of  the  drainage 
area. 

In  the  Grand  Prairie,  Reddish  Prairie,  Rolling  Red  Plains  and 
Edwards  Plateau  conservation  problem  areas  it  is  estimated  that  25 
percent  or  more  of  the  sites  required  in  connection  with  floodwater 
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retarding  structures  will  be  furnished  by  the  landowners  without  costo 
The  remaining  sites  will  be  provided  by  local  interests  unless  it  is 
not  feasible  for  them  to  do  so®  When  it  is  not  feasible  for  local 
interests  to  furnish  the  site  required  in  connection  with  an  individual 
structurea  it  will  be  provided  at  Federal  expense®  Wherever  possibles, 
the  title  to  these  sites  should  rest  with  the  non^Federal  interests 
responsible  for  operation  and  maintenance® 

The  annual  maintenance  cost  during  and  after  the  period  of  in~ 
stallation  is  estimated  to  be  $200  per  structure 9 and  is  considered 
a private  costo 

Floodway  and 

Channel  improvement  is  economically  feasible  in  several  tributary 
streams o Survey  investigations  of  floodway  and  channel  improvement 
were  limited  to  situations  where  channels  of  inadequate  size  would 
cause  frequent  floods  even  though  land  treatment  measures  and  det@n=> 
tion  storage  were  appliedo  In  the  subwatersheds  investigated  only 
81  miles  of  channel  rectification  or  improvement  are  recommended!  of 
this  7 miles  are  recommended  in  the  Little  River  Survey  Report®  The 
channels  proposed  for  improvement  fall  into  two  general  classes g 

I®  Small  tributary  streams  which  cross  the  main  Brazos  River 
flood  plain  to  reach  the  Brazos  River®  These  streams  have 
restricted  channels  and  their  overflow  causes  flooding  of 
a portion  of  the  Brazos  River  flood  plain  during  local  storms 
which  do  not  affect  the  main  Brazos  Rivero  Benefits  are  in 
reduced  crop  damage  on  the  B°azos  River  bottomland  directly 
affected  by  these  streams# 

2®  larger  tributary  streams  with  broad  flood  plains  which  now 
have  sedimented  or  clogged  channels®  The  bottomlands  of 
these  streams  are  still  in  cultivation  or  have  recently  been 
cultivated  but  have  experienced  or  are  experiencing  a forced 
change  to  pasture  use  or  to  less  valuable  crops  because  of 
too  frequent  overflow  damage®  The  benefits  evaluated  are 
from  reductions  in  crop  damage  and  the  increased  income  to 
be  derived  from  the  more  intensive  use  of  the  land® 

It  is  recommended  that  the  cost  of  channel  excavation  be  borne 
by  the  Federal  Government  and  that  the  cost  of  spoil  bank  disposal s 
easements  and  right-of-way*  and  maintenance  be  borne  by  the  landowners 
(table  I4I4-)  o 


Channel  Improvement 


Table  43*  Costs  of  Floodwater  Retarding  Structures  by  Subwatersheds.  (1949  Prices) 
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2/  Maintenance  during  the  installation  period  at  $200*00  per  year  per  completed  structure 
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Hydrologic  Studie s to  Facilitate  Program  Installation 

It  is  recommended  that  measuring  devices  be  installed  on  selected 
segments  of  sub-watersheds  to  obtain  quantitative  information  on  rain- 
fall  and  runoff * and  the  sediment  loads  of  streams  * to  facilitate 
installation  of  the  recommended  program*  The  measurements  should 
includes 

(a)  Measurement  of  the  total  quantity  and  quality  of  water flow* 
base  flow*  bank  storage * groundv/ater  recharge * rate  of  re- 
turn of  ground-water  to  the  stream  and  sediment  loads  in 
small  streams* 

(b)  Measurement  of  precipitation  and  determination  of  rainfall- 
runoff  relationshipo 

(c)  Determination  of  the  flood  hydrographs  in  small  drainage 
areas  (5*10*  Ij.Os  50*  to  100  square  miles)  to  assist  in 
design  of  remedial  measures  and  flood  routing* 

At  present  the  only  source  of  data  for  watersheds  larger  than 
fractional  acreages  concerning  the  effects  of  land  treatment  practices 
on  ra infall-runoff  relationships  and  sediment  loads  of  streams  is  the 
Waco  Hydrologic  Laboratory*  This  station  is  equipped  to  furnish  such 
data  for  Blackland  Prairie  conditions*  for  drainage  areas  up  to  approx- 
imately five  square  miles* 

River  gages  for  stream  flow  measurements  are  being  operated  only 
on  large  streams  and  our  survey  hydrologic  evaluations  have  been  de- 
pendent upon  these  river  gages  as  check  points*  Determinations  of  the 
rainfall-runoff  relationships  in  tributary  watersheds  have  been  based 
on  high  water  marks * channel  and  flood  plain  surveys*  and  computed 
hydrograph  relationships!  adequate  records  not  being  available  for 
checking  these  computations*  Measurements  of  rainfall  and  runoff  in 
tributary  watersheds  need  to  be  made  to  provide  design  information  to 
facilitate  the  application  of  the  recommended  program* 

A review  of  present  information  was  made  in  cooperation  with  the 
U,  So  Geological  Survey  and  a plan  evolved  for  measuring  the  quantitative 
effects  of  the  recommended  program*  The  data  obtained  also  would  be  use- 
ful in  the  design  of  adequate  f'loodwater  retarding  and  erosion  prevention 
measures  * 

The  recommendations  of  the  subcommittee  on  Hydrologic  Data  of  the 
Federal  Inter-Agency  River  Basin  Committee  as  to  location  of  gages  were 
given  priority  as  these  stations  were  considered  desirable  by  several 
agencies  and  the  records  will  be  usable  by  the  Corps  of  Engineers* 
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Bureau  of  Public  Roads , Bureau  of  Reclamation,  Federal  Power  Commission, 
and  many  other  Federal,  State  and  local  agencies,,  Final  location  of 
the  areas  to  be  measured  should  be  determined  only  after  adequate  geo- 
logical and  land  use  surveys „ 

The  active  and  inactive  river  gaging  stations  are  listed  in  Appendix 
III  (figures  8 and  11) * These  stations  are  also  shown  on  figure  30* 

It  is  recommended  that  five  small  watersheds  be  selected  in  each  of 
these  or  similar  drainage  areas  as  follows?  North  Croton  Creek,  Upper 
Clear  Fork  (Verbena  Creek),  North  Bosque  River,  Neils  Creek,  and  Darrs 
Creek  (table  1+5  and  figure  30)  <>  A rather  dense  network  of  recording 
precipitation  gages  will  be  located  on  each  small  watershed  to  collect 
detailed  rainfall  information  for  correlation  with  runoff;  water  stage 
recorders  will  be  placed  on  drainage  areas  of  various  sizes  (table  U5  ) » 
observation  wells,  with  either  recording  or  non-recording  measuring 
devices,  will  be  placed  in  appropriate  locations  to  evaluate  groundwater 
recharge,  bank  storage  and  base  or  groundwater-flow  after  periods  of 
rainfall o Sediment  sampling  stations  will  be  maintained  at  a few  gages 
to  secure  information  regarding  the  sediment  losses  from  small  drainage 
areas  0 


Costs  of  installation  and  annual  maintenance  are  shown  in  tables 
I4.6  and  hi  o 
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Table  46°  Estimated  Cost  of  Installation  of  Measuring  Devices  on  Recommended  Sites 
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Table  1+7°  Estimated  Annual  Cost  of  Operation  and  Maintenance  of  Measuring  Devices 

on  Recommended  Sites 
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Total  Maintenance  for  20  years  - $l+6i;s000. 
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APPENDIX  VI 
PROGRAM  APPRAISAL 
BRAZOS  RIVER  WATERSHED 


The  recommended  program  will  reduce  damage  caused  by  floodwater 
and  sediment^  will  increase  the  productive  value  of  certain  flood 
plain  lands  and  will  increase  the  income  of  land  operators 0 The 
reductions  in  damages  and  increases  in  production  and  income  are  the 
benefits  from  the  programc  The  purpose  of  this  appendix  is  to  set 
forth  the  monetary  evaluations  of  the  benefits  accruing  from  the 
program  and  components  thereof  and  to  compare  these  benefits  with 
the  cost  of  the  program  or  of  the  applicable  component  parto 

Analyses  of  flood  flows  and  related  damages  without  and  with 
the  several  component  parts  of  the  recommended  program  in  effect  deter- 
mined the  estimated  annual  damages  under  the  various  conditions 0 The 
difference  between  damages  without  and  with  a group  of  measures  of 
the  program  installed  determined  the  estimated  annual  benefit  of 
the  group o The  benefits  resulting  from  reduction  of  floodwater^  sedi- 
ment and  indirect  damages  were  divided  into  the  benefits  attributed 
to  the  going  program  and  to  the  land  treatment  measures  of  the  recom- 
mended program  in  proportion  to  the  average  annual  costs  of  each0 

REDUCTION  OF  DAMAGE  FROM  FLOODWATER  AND  SEDIMENT 
Reduction  in  Floodwater  Damage 

Acres  Damaged!  About  ls015x>000  acres  of  bottomland  in  the  Brazos 
River  Watershed  are  damaged  by  runoff  waters.  Each  years  on  an  average^ 
a total  of  about  ls029<>000  acres  are  flooded^  including  replication  of 
acreages  flooded  mors  than  once  during  the  yearQ  The  recommended  program 
will  reduce  the  average  total  acreage  flooded  each  year  to  about  652s000 
acres  or  a reduction  of  about  37  percent 0 The  average  depth  of  inundation 
on  the  flooded  areas  will  be  reduced  by  the  recommended  program0 

Crops  and  Pasture  Damage s Flood  damage  to  crops  and  pasture  at 
1949  prices  averages  $ 10 3 03  s 906  annually  under  present  conditions 0 1/ 

It  is  expected  that  installation  of  the  recommended  program  will  result 
in  an  average  annual  benefit  of  $3s597fl353  of  which  f902a773  will 
result  from  installation  of  land  treatment  measures s $2<>53Us060  from 
floodwater  retarding  structures  and  $lo0s520  from  channel  improvement 0 
Reduction  in  damages  to  crops  and  pasture  will  be  the  largest  of  the 
flood  control  benefits a amounting  to  72  percent  of  all  benefits  derived 
from  reduction  in  damages  caused  by  floodwater  and  sediment 0 


l/  In  this  evaluation  it  is  assumed  that  the  reservoirs  in  the  Brazos 
River  Watershed  recommended  by  the  Corps  of  Engineers  will  be 
construetedo 
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Flood  Plain  Scour  Damages  Reduction  in  damage  from  flood  plain 
scour  will  amount  to  $1127115  annually*  approximately  3 percent  of  the 
total  benefits  from  reduction  in  damages 0 The  land  treatment  measures 
will  account  for  $25s725  °P  this  benefit*  floodwater  retarding  struc- 
tures  $93 a 765 a and  channel  improvement  $5 a 625© 

Other  Agricultural  Damages  It  is  estimated  that  the  recommended 
program  will  reduce  average  annual  damage  to  fences*  livestocks  farm 
buildings*  trees*  farm  roads*  stored  crops * and  similar  items  by 
$5899684s  about  11  percent  of  the  benefit  from  reduction  of  damage 0 
A benefit  of  $204*5^5  results  from  installation  of  the  land  treatment 
measures*  $3423710  from  floodwater  retarding  structures*  and  $22*469 
from  channel  improvement  0 

Nan-Agricultural  Damages  The  average  annual  benefit  from  reduce 
tion  of  damage  to  highways*  bridges*,  railroads*  urban  and  other  non- 
agricultural  property  will  be  $140*935  and  will  approximate  3 percent 
of  all  benefits  from  reduction  of  damagec  The  installation  of  land 
treatment  measures  will  accomplish  $553790*  and  floodwater  retarding 
structures  $82*6793  and  channel  improvement  $2*466  of  this  benefit 0 

The  benefits  from  reduction  of  direct  floodwater  damage  are 
summarized  for  the  Little  'River*  the  Bosque  River  and  the  remainder 
of  the  Brazos  River  Watershed  below s 


Benefit  from  Reduction  of  Damage  tos 

s ~~  l Other  i Non- 

2 Flood  s Agricul-  sAgricul- 

Crops  and  § Plain  : tural  1 tural 

Pasture  s Scour  g Property  sProperty 


Little  River 
Bosque  River 

Remainder  of  Brazos  River 
Brazos  River  Watershed 


$2,1+35,805 

113,805 

1,01+7,743 

$3,597,353 


$104,144 

2,713 

18,258 

$125,115 


$180,700 

27,385 

361,599 

$569,681+ 


$ 50,125 
3,365 
87,41+5 

$140,935 


Reduction  of  Sedimentation  Damage 


Valley  Sedimentations  The  benefit  from  reduction  in  valley 
sedimentation  is  estimated  to  be  $50*464  annually*  of  which  $17s463 
results  from  the  land  treatment  measures*  $313X07  from  floodwater 
retarding  structures  and  $1*894  Prom  channel  improvement 0 This 
benefit  is  about  one  percent  of  the  total  benefit  from  reduction  of 
damages  0 


Reservoir  Sedimentation;  It  is  calculated  that  the  average  annual 
benefit  through  reduction  of  sedimentation  of  existing  reservoirs  and  those 
recommended  by  the  Corps  of  Engineers  will  be  $9939871  $45s627  from  the 
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land  treatment  measures,  and  $54*360  from  floodwater  retarding  structures. 
The  benefit  to  reservoirs  will  be  about  2 percent  of  the  benefits  from 
reduction  of  damage 0 

Water  Treatments  It  is  estimated  that  the  annual  benefit  obtained 
from  reduction  of  the  cost  of  treating  municipal  water  for  removal 
of  sediment  will  be  $9*3U0o  The  land  treatment  measures  will  provide 
$3*844  of  the  benefit i the  remainder*,  $5*496 0 will  be  due  to  flood* 
water  retarding  structures 0 This  benefit  will  be  less  than  0o2  per* 
cent  of  the  benefits  from  reduction  of  damage 0 

The  benefits  from  reduction  of  sediment  damage  in  the  Little 
River*,  Bosque  River  and  the  remainder  of  the  Brazos  River  Watershed 
are  summarized  belows 

Benefit  from  Reduction  of  Sediment  Damage 
Va  1 1 e y " S "e di ment  s Sedimentation  s Cost  of  Water 
Deposition s of  Re  servo  irs  : T r eatment 


Little  River 

$28,758 

$52,946 

$ . 

Bosque  River 
Remainder  of  Brazos 

1,232 

10,420 

5,810 

River  Watershed 

20,1+74 

36,621 

3*530 

Brazos  River  Watershed 

$50,1+64 

$99,987 

$9,3Uo 

Reduction  of  Indirect  Damage 

The  benefit  through  reduction  of  losses  to  business*,  labor  earnings 
and  other  phases  of  community  life  will  approximate  1372,487  annually*, 
or  8 percent  of  all  benefits  from  reduction  of  damages 0 The  land  treat* 
ment  measures  will  contribute  $87 *,918  of  this  benefit,  floodwater  retarding 
structures  $260o425  and  channel  improvement  $24*144o 

This  benefit  includes  $81,704  in  the  Little  River,  $13*14-73  in  the 
Bosque  River  and  $277*310  in  the  remainder  of  the  Brazos  River  Watershed© 

INCREASED  INCOME  FROM  THE  RECOMMENDED  PROGRAM 

The  recommended  program  will  result  not  only  in  reduced  damages 
from  floodwater  and  sediment  but  also  will  increase  the  productivity 
of  the  watershed  and  the  resulting  incomes  of  its  inhabitants© 

Intensification  of  Land  Use  in  Flood  Plains 

The  increase  in  net  annual  income  from  flood  plain  lands  on 
which  the  agricultural  use  is  expected  to  be  intensified,  after  pro* 
tection  from  flooding,  is  estimated  at  $724*3l42e  Of  this  increase 
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$628*099  is  due  to  the  installation  of  floodwater  retarding  structures 
and  $96*243  results  from  channel  improvement  0 

This  increased  annual  income  will  be  $332*950  in  the  Little  River * 

$63 p 065  in  the  Bosque  River  and  $328*327  in  the  remainder  of  the  Brazos 
River  Watershed,, 

Indirect  Benefits  from  Intensified  Land  Uses  Increased  production 
in  the  protected  flood  plains  will  contribute  to  the  economic  life  of 
nearby  communities  through  increased  business * added  income  to  workers 
in  agricultural  processing  or  servicing  establishments  and  the  like0 
This  item  has  not  been  included  in  tb©  benefit -cost  evaluation,, 

Conservation  Benefits 

Reduction  in  Soil  Lpsss  In  determining  the  effects  of  the  re com- 
mended  program  on  soil  losses*  research  data  of  experiment  stations  in 
Texas  and  Oklahoma  were  usedc  The  sources  used  werei 

USDA  Technical  Bulletin  859s  "Investigations  in  Erosion  Control 
and  Reclamation  of  Eroded  Land  at  the  Blackland  Conservation  Experiment 
Station * ' Temple * Texas*  X931“1941??  o 

USDA  Technical  Bulletin  916*  "Investigations  in  Erosion  Control 
and  Reclamation  of  Sandy  Clay  Lands  of  Texas * Arkansas  and  Louisiana 
at  the  Conservation  Experiment  Station*  Tyler*  Texas*  1931“4Q"o 

USDA  Technical  Bulletin  8,37 s "Investigations  in  Erosion  Control 
and  Reclamation  of  Eroded  Land  at  the  Red  Plains  Conservation  Experi- 
ment Station*  Guthrie*  Oklahoma*  1930*41.0"  0 

" 1941  Annual  Report  of  the  Tyl#s?  Experiment  Station 0" 

"I94.O  Annual  Report  of  the  Guthrie  Experiment  Station*," 

Texas  Agricultural  Experiment  Station*  Bulletin  587 s>  "Water  and 
Soil  Conservation  Experiments  at  Spur*  Texas*  1940" « 

These  data  indicate  that  the  installation  of  the  recommended 
program  will  result  in  a reduction  of  25a  118 *>000  tons  in  the  soil 
losses  from  watershed  fields 0 The  percentage  reductions  in  soil 
losses  due  to  the  recommended  program  by  subwatersheds  is  shown  in 
table  48o 

Farm  Income;  Changes  in  farm  and  ranch  organization  and  increases 
in  yields  under  the  recommended  program  will  result  in  an  average  annual 
benefit  (through  increases  in  farm  receipts  or  decreases  in  farm  expenses) 
of  $25*345*497  annuaily0  Operating  costs  (decreased  farm  receipts  and 
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Table  Ij.80  Estimated  Percentage  of  Reduction  in  Soil  Losses 

Due  to  the  Installation  of  the  Recommended  Program 

Brazos  River  Watershed 

Subwatershed  Percent  Reduction 

Non-Contributing  Area  0 

White  River  0 

Salt  Fork  17 

Double  Mountain  Fork  0 

Elm  Creek  12 

Hubbard  Creek  35 

Clear  Fork  15 

California  Creek  10 

Brazos  above  Possum  Kingdom  12 

Possum  Kingdom  28 

Palo  Pinto  Creek  22 

Possum  Kingdom  to  Whitney  33 

Paluxy  Creek  33 

Whitney  to  Waco  32 

Nolands  River  33 

Aquilla  Creek  3 4 

Bosque  River  22 

Waco  to  Little  River 

Little  River  28 

Little  River  to  Irrigation  25 

Little  Brazos  32 

Yegua  above  Dam  23 

Yegua  below' Dam  28 

Navasota  above  Dam  33 

Navasota  below  Dam  29 

Mill  Creek  29 

Irrigation  to  Mouth  0 

Brazos  River  Watershed  2 U 


, 


4 
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increased  farm  expenses g will  total  $7*5M4-3507  annually,,  In  addition* 
land  owners  and  operators  will  be  expected  to  expend  the  equivalent  of 
$2*907*223  annually  for  the  installation  and  maintenance  of  the  land 
treatment  measures©  The  average  annual  value  of  the  cost  of  these 
measures  to  landowners  and  operators  will  be  $10*Ls.51a732o 

Effect  of  the  Recommended  Program  on  Fhrm  and  Ranch  Operating  Units 8 
The  following  three  adjustments  will  usually  take  place  on  all  farm  and 
ranch  operating  unitss  (l)  Retirement  of  some  land  from  cultivation  to 
pasture*  (2)  installation  of  suitable  mechanical  structures  and  vegeta- 
tive adjustments  on  cropland  and  grassland*  and  (3)  adjustments  in  live- 
stock numbers  on  grassland  in  accordance  with  long-time  range  grazing 
capabilities© 

These  adjustments  and  measures  will  involve  no  drastic  organizational 
changes©  Substantial  crop  and  pasture  yield  increases  will  result  from 
the  program  with  a corresponding  increase  in  livestock  numbers  in  all 
conservation  problem  areas  (page  236)© 

The  benefit  to  be  expected  will  exceed  the  cost  of  the  program  to 
land  owners  and  operators  in  all  conservation  problem  areas 0 


NQN-MDNETARY  BENEFITS 

No  values  were  placed  upon  intangible  benefits  such  as  enhance- 
ment of  reoreational  values*  improvement  of  public  health*  reduction 
in  loss  of  life*  and  increased  security  from  flood  hazards©  These 
several  items*  although  they  are  significantly  affected  by  control 
of  floods  and  are  highly  important  in  the  economy  of  the  watershed* 
are  not  accurately  measurable  in  monetary  terms© 


COMPARISON  OF  BENEFIT  AND  COST 

The  average  annual  cost  of  the  recommended  program  is  $12*796*827® 
The  installation  costs  were  converted  to  an  annual  base  using  an  interest 
rate  of  2|r  percent  for  public  and  I4.  percent  for  private  costs  at  191+9 
prices o For  details  of  the  costs  see  tables  1+0  and  1+1*  Appendix  V0 

The  average  annual  benefits  from  the  recommended  program  will  be 
$31503 at  19U9  prices*  of  which  $25*3U5j+97  will  be  conservation 
benefits  to  land  owners  and  operators©  The  costs  and  benefits  are 
summarized  by  groups  of  measures  and  by  subwatersheds  in  table  I4.9® 

Damage  estimates  from  which  these  estimates  of  benefits  are  derived* 
are  summarized  in  table  39a  Appendix  IV © 
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Adjustment  of  Prices  from  1949  to  a Predicted  Price  Level 

Estimates  of  damages  and  benefits  in  this  report  have  been  made 
on  the  basis  of  prices  in  1949s  the  latest  full  calendar  year  for  which 
prices  were  available 0 Since  1949  was  a year  in  which  prices  were 
undergoing  considerable  adjustments  the  1949  benefits  and  costs  herein 
have  been  factored  for  the  purpose  of  comparing  benefits  and  costs  of 
the  recommended  program  at  a predicted  normal  or  intermediate  level 0 
The  factors' were  determined  and  used  as  follows  s 

(1)  The  standard  used  in  this  report  for  computing  1949  values  of 
crops  produced  on  farmlands  livestock  and  livestock  products  is 

an  index  of  249  (1910“14  * 100 )D  The  index  of  the  predicted  level 
is  150  ( 1910=14  = 100) o Therefore  150/249  or  0o6024  is  the  factor 
used  to  adjust  1949  prices  to  the  predicted  level 0 This  factor 
was  applied  to  all  increased  farm  receipts  in  figuring  conservat- 
ion benefits  and  to  decreased  farm  receipts  in  calculating  operating 
costs  to  farmers o 

(2)  A standard  prices -received “by-farmers  index  was  developed  for  each 
sample  area  by  weighting  the  1949  index  for  each  commodity  by  the 
quantity  produced  in  each  area.  A corresponding  predicted  normal 
index  was  developed  for  each  area  and  the  factor  derived  by  divi- 
si on  of  the  normal  index  by  that  for  1949  was  used  in  estimating 
the  crop  and  pasture  damage  and  the  damage  from  flood  plain  scour 0 
It  was  also  used  for  measuring  the  benefits  from  more  intensified 
us©  of  flood  plain  lands 0 The  average  factor  for  the  entire  water- 
shed is  0 062880 

(5)  The  standard  used  in  this  report  for  prices  paid  for  items  used 
by  farmers  in  production  is  an  index  of  238  (1910=14  - 100 ) for 
1949 o The  index  of  the  predicted  level  is  155  (1910-14  - 100)o 
Therefore  155/238  or  0e6513  is  the  factor  used  to  adjust  1949 
prices  to  the  predicted  level <,  This  factor  was  applied  to  r’oth©r 
agricultural  damage^’%  to  private  costs  of  installation p operation 
and  maintenance  of  the  recommended  program*  and  to  damages  by 
sedimentation  of  valley  lands 0 

(4)  The  standard  used  in  this  report  for  construction  costs  is  the 
Engineering  News  Record  index  for  1949  which  is  477  (1913  " 100)$ 
the  index  of  the  predicted  level  is  325 o Therefore  325/477  or 

0 068I3  is  the  factor  used  to  adjust  1949  prices  to  the  predicted 
level o This  factor  was  applied  to  all  benefits  derived  from  a 
reduction  in  damage  to  nonagricultural  property  and  in  adjusting 
construction  costs  of  the  independent  measures  to  normal  prices 0 

(5)  The  standard  used  in  this  report  for  indirect  damages  is  an  index 
of  428  for  wage  rates  in  1949 <>  The  index  of  the  predicted  level 

is  275 1 therefor®  275/428  or  0 06425  is  the  factor  used  in  adjusting 
indirect  damages  to  predicted  normal  prices e 
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(6)  It  was  believed  that  Federal  salaries  and  travel  costs  would 
probably  decline  less  than  ordinary  wage  rates  so  a factor  of 
0o8212  was  used  to  reduce  the  costs  of  technical  services  to  the 
predicted  normal  level®  This  represents  one-half  of  the  predicted 
decline  in  wage  rates e 

Comparison  of  Average  Annual  Benefit  and  Cost 

Comparison  of  the  average  annual  benefit  with  the  average  annual 
cost  of  the  recommended  program  under  normal  prices  provides  the 
economic  evaluation  of  the  program®  Table  50  presents  the  benefit 
and  cost  for  each  group  of  measures  of  the  recommended  program  by  sub- 
watersheds , after  adjustment  to  normal  prices  by  the  factors  described 
above  « 


The  ratio  between  the  benefit  and  cost  of  the  land  treatment 
measures  is  2o20sl®  The  ratio  for  the  floodwater  retarding  structures 
is  2o98sl«  For  channel  improvement  the  ratio  is  l®82gl®  The  ratio 
for  the  entire  recommended  program  is  2e28sX© 

Comparison  of  the  Effect  of  Discounting  Delayed  Benefits  and  Costs 

There  are  certain  types  of  benefits  and  costs  resulting  from  the 
recommended  program  which  will  be  delayed  until  treatment  measures  be- 
come fiilly  effective®  In  this  analysis,  therefore,  such  benefits  and 
costs  were  discounted  to  allow  for  this  lag  in  effectiveness® 

It  was  assumed  that  floodwater  damage  reductions,  benefits  from 
intensified  use  of  flood  plains  and  conservation  benefits,  resulting 
from  land  treatment  measures,  would,  on  an  average,  be  delayed  5 years* 
A similar  delay  would  be  applicable  to  farm  and  ranch  operating  costs® 
It  was  also  assumed  that  each  of  these  benefits  and  costs  would  start 
at  zero  and  build  up  uniformly  to  the  maximum  over  the  period  of  delay® 
They  would  then  level  off  and  remain  constant  thereafter® 

Benefits  from  reductions  in  damage  resulting  from  the  installa- 
tion of  floodwater  retarding  structures  and  channel  improvement  will 
become  fully  effective  immediately  upon  installation  and,  therefore, 
were  not  discounted© 

Discounting  deferred  benefits  and  costs  from  land  treatment  mea- 
sures would  reduce  their  benefit-cost  ratio  (normal  prices)  from  2®20?1 
to  2®15sl®  The  benefit-cost  ratio  for  floodwater  retarding  structures 
would  be  reduced  from  2®98il  to  2®9^:1  and  for  channel  improvement  from 
1,82*1  to  l*79sl©  The  benefit-cost  ratio  for  the  recommended  program 
would  be  reduced  from  2®28gl  to  2023$1® 
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Evaluation  of  Independent  Measures  in  Other  Areas 

Evaluations  of  the  effects  of  flood-water  retarding  structures 
and  of  channel  improvement  were  made  in  areas  other  than  those  listed 
in  tables  1+9  and  50°  In  these  additional  areas  the  benefit-cost  ratios 
were  unfavorable  as  shown  in  table  51  and  the  independent  measures  are 
not  recommended  at  this  time.  This  finding,  however,  does  not  elimi- 
nate the  possibility  that  detailed  investigation  prior  to  initiating 
the  installation  of  land  treatment  measures  on  the  tributary  streams 
may  show  that  floodwater  retarding  structures  or  channel  improvement  may 
be  justified  in  parts  of  the  subwatersheds  where  they  are  not  recommended 
at  this  timeo 

METHOD  OF  DETERMINING  VALUE  OF  ANNUAL  BENEFITS  FROM  REDUCTIONS 
' IN  FLOOD  AND  SEDIMENT  DAMAGE 

Floodwater  and  sediment  damages  were  calculated  under  present 
conditions  and  under  conditions  which  will  prevail  after  the  installa- 
tion of  the  various  groups  of  measures  of  the  recommended  program  as 
described  in  Appendix  IV,  Flood  Problems  and  Related  Damages.  The 
difference  in  annual  damages  at  the  time  of  initiation  of  a group  of 
measures  and  those  expected  after  its  completion  constitute  a benefit 
of  that  group o 

Benefits  from  reduction  of  crop  and  pasture,  ’’other  agricultural” 
and  road  and  bridge  damage  were  estimated  from  the  combined  effects 
of  reduction  in  area  inundated  and  depth  of  inundation.  Use  of  the 
index  of  flooding  caused  reductions  in  area  inundated  to  be  the  chief 
factor  in  estimating  benefits  from  reduction  of  scour  damage. 

Benefits  from  reduction  of  sediment  damage  to  reservoirs  were 
calculated  from  estimates  of  the  reductions  in  the  quantity  of  sedi- 
ment that  would  be  deposited  annually0  For  example,  it  was  estimated 
that  the  deposition  in  'Whitney  Reservoir  would  be  reduced  from  2235 
acre-feet  to  1118  acre-feet  annually.  The  benefit  from  continuation 
of  the  going  program  and  the  installation  of  the  recommended  program 
would  be  1117  x $ll+»82  or  #16,55)4. 

Benefits  from  the  reduction  of  valley  sedimentation  were  estimated 
from  reductions  in  the  area  inundated  combined  with  reductions  in  the 
output  of  sediment  as  a result  of  the  program.  The  following  example 
shows  the  calculations  for  Mulberry  Creek  sample  tributary. 
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Table  51  - Summary  and  Comparison  of  Average  Annual  Costs  and  Benefits  (19U9  Prices)  of  Measures  in  Areas  in 
Which  They  Were  Evaluated  but  Are  Not  Recommended  at  This  Time 
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result  of  the 


Reduction  in  sediment  output  as  a 
recommended  program 

S8dflon^  in  °Verbank  deP°sition  due  to  decreased  ’ 
Remaini  &S,a  result  the  recommended  program 
Remaining  overbank  deposition  after  installation  of 
t~e  recommended  program  — 

Acreage  damaged  annually  after  installation  of  the 
program  (5.3  x „3Ut)  - ” 

Annual  £0r9Bent.°f  da®age  after  installation 

?265  ! 9i)/|0ln  da!agS  dUring  instellation 

Added  capital  investment  in  extra  expense  during 

CaDitIl10d  °f  Rstallati011  (160.214132*  x 3.70)  f . 

installIdSa+ent  re^ired  df  Program  could  be 
*?stall!d  at  oaoe  (23. 51562*  x $91) 

da'mage^f  thnVeStment  °auS6d  by  sedi»e°t 

Interest  at i oe  re°°ranended  Program  is  installed  - 
interest  at  ^peroent^on  investment  (annual  dam- 

^pagVng*  Wit!?0Ut  8 Prra'm  (APPe“dix  IV,  ~ 

Benefit  from  recommended  program  (tl33-#l2*l) 


50  peroent 

31 "3  percent 

324.2+  percent 

1.82 
$91 .00 


$ 8.70 
♦1,391* 

♦2  ,il*o 
$3,532* 

$ li*i 

$ I83 
$ 2*2 


partfof^hf reco^enLf prfg^arrnaihrs\i0ned  att0ne  the  oomP°°0“t 

ponent  reduced  the  deposition  of  TJTenl  **  °*°h 

stallation  of  the  recommended  program  reduced  -f-v,  se  cases  where  in- 
deposition  so  greatly  that  the  i <.  sediment 

program  would  have  exceeded  100  yeattth  period  wdth  the  recommended 

percent^  ” ^ ^ W 

damage  "other ^ioultural^and  ifdirtttT  PaStUr*  damaS®>  scour 
of  measures  were  determined  direotlv  bt  . Tg®  derived  from  each  group 
Other  benefits  from  reduction  of  damave  analysls  of  sample  tributaries, 
shed  basis.  damage  were  evaluated  on  a su’owater- 

to  crtpsleand  Stture'f  f^^Huin^^*  r6dUOtio“  °f  da-e» 

and  indirect  damage  plain  soour'  "°ther  agricultural'' , 


■ 


, i s 


. 
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Table  52  - Summary  of  Benefits  from  Land  Treatment  Measures 
and  Floodvjater  Retarding  Structures, 

Mulberry  Creek  Sample  Tributary 
Brazos  River  Watershed 


Source  of  Benefit 

• 

9 

0 

9 

Average  Annual  Benefit  l/ 

% From  Land  s 
% Treatment  s 
s Measures  : 

From  Floodwater  : 
Retarding  s 

Structures  2/  s 

Total 

(dollars) 

(dollars ) 

(dollars ) 

Crops  and  Pasture 

158 

534 

692 

Flood  Plain  Scour 

34 

35 

49 

Other  Agricultural 

291 

1*091 

1,382 

Roads,  Bridges,  etc* 

68 

252 

320 

Indirect 

19 

88 

\ 

107 

l/  Source  of  datas  table  57®  Append 

ix  IV 

2/  Not  recommended  at 

this  time 

Information  by  sample  tributary  areas  and  main  stream  reaches 
was  combined  to  arrive  at  subwatershed  evaluations*  This  is  illustrated 
in  table  53® 

The  benefits  by  subwatersheds  were  summed  to  obtain  the  total  for 
the  watershed  (table  54)® 

METHOD  OF  DETERMINING  ANNUAL  BENEFIT  FROM  INTENSIFIED  USE  OF  THE 

FLOOD  PLAIN 

Flood  control  benefits  are  expected  to  result  from  more  intensive 
agricultural  use  of  bottomland  areas  which  will  be  made  possible  by  the 
reductions  in  extent  and  frequency  of  flooding  resulting  from  the  re- 
commended floodwater  retarding  structures  and  channel  improvement* 

Such  areas  are  of  two  general  types* 

The  flood  plains  of  small  tributaries  immediately  below  floodwater 
retarding  structures  will  receive  a high  degree  of  protection  from 
flooding.  Consequently  a large  percentage  of  such  areas  will  become 
suited  for  more  intensive  use* 

The  second  type  of  area  which  will  become  suited  for  more  intensive 
use  consists  of  portions  of  the  flood  plains  along  the  larger  tributaries* 
These  portions  include  areas  which  are  overflowed  only  by  larger  than 
average  size  floods* 


>'■ 


* 


..  .!  Xt 


..  •>.'  o'  ■ 

. f .:  •'  i v ...  • •••  . ■ 


■ I • ; ' , i.  , 

C 

i . " • 


. ; ....  j ■ . 

- " " . 


228 


Table  53  ~ Summary  of  Flood  Control  Benefits  from  Reduction  of 
Damage,  19U9  Prices,  Clear  Fork  Subwatershed  l/ 

Brazos  River  Watershed 


: Average  Annual  Benefit 

i From  Land  : From  Floodwater  j 


Sample  j 5 Treatment  ; Retarding  % 

Area  : Source  of  Benefit  : Measures  a.  Structures  3/  • Total 


( 

dollars) 

(dollars) 

(dollars ) 

Mulberry 

Creek  2/  Crop  and  Pasture 

1,461 

4,922 

6,383 

Other  Agricultural 

2,685 

10,063 

12,71+8 

Scour 

125 

522 

l+i+7 

Road,  Bridge,  Railroad 

589 

2,198 

2,787 

Indirect 

172 

809 

981 

Main  Stream 
Reaches 

(7-11)  Crop  and  Pasture 

1,721 

2,277 

3,998 

Other  Agricultural 

538 

717 

1,055 

Scour 

6 

10 

16 

Road,  Bridge,  Railroad 

58 

112 

170 

Indirect 

227 

607 

831+ 

Main  Stream 
Reaches 

(l-U)  Crop  and  Pasture 

3,6X5 

2,769 

6,381+ 

Other  Agricultural 

1,888 

1,286 

3,171+ 

Scour 

52 

37 

89 

Road,  Bridge,  Railroad 

1+17 

107 

521+ 

Indirect 

1+65 

38O 

81+5 

Subwater- 

shed 

Total  Crop  and  Pasture 

6,797 

9,968 

16,765 

Other  Agricultural 

!+,9H 

12,066 

16,977 

Scour 

I83 

369 

552 

Road,  Bridge,  Railroad 

1,061+ 

2,1+17 

3,1+81 

Other  Nonagricultural  b/ 

225 

279 

50l+ 

Valley  Sediment  b/ 

59 

161 

220 

Reservoir  Sediment  b/ 

5,531+ 

13,176 

18,710 

’Water  Treatment  b/ " 

531+ 

1,201+ 

1,738 

Indirect 

86i 

1,796 

2,660 

GRAND  TOTAL 

20,171 

2+1  „I|.36 

61,607 

T7  Source  of  data's  Table  78  9 Appendix  IV. 

"2/  Sample  tributary  used  in  the  analysis  . 

3/  Floodwater  retarding  structures  not  recommended  in  this  subwatershed 


at  this  time* 

1+/  Calculated  on  a subwatershed  basis* 
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Table  54  - Average  Annual  Benefits  Through  Reduction  of 
Damage,  1949  Prices,  by  Subwatersheds  1/ 
Brazos  River  Watershed 


:Average  Annual  Benefit  from  Reduction  of  Floodwater 

: and  Sediment  Damage 

Subwatershed  : From  the  s From  Floodwater;  s 

:Land  Treatments  Retarding  s From  Channels 
s Measures  s Structures  ; Improvement  g Total 


(dollars) 

(dolls 

ars ) 

(dollars) 

(dollars) 

Salt  Fork 

1,534 

12,454 

1/ 

13,986 

Brazos  above  Possum  Kingdom 

14,241 

- 

= 

14,241 

California  Creek 

3,385 

=> 

3,385 

Elm  Creek 

2,144 

cs 

2,144 

Hubbard  Creek 

7,351 

20,813 

2/ 

28,204 

Clear  Fork 

20,171 

41,436 

2/ 

61,607 

Possum  Kingdom 

3,684 

7,918 

1/ 

- 

11,602 

Possum  Kingdom  to  Whitney 

38,392 

30,746 

1/ 

69,138 

Palo  Pinto  Creek 

5,022 

19,739 

%J 

to 

24,761 

Paluxy  Creek 

26,590 

45,529 

1/ 

= 

73,119 

Nolands  River 

4,971 

a, 

«* 

4,971 

Aquilla  Creek 

49,367 

58,902 

- 

108,269 

Whitney  to  Waco 

9*176 

4,432 

- 

13,658 

Waco  to  Little  River 

180,659 

312,050 

104,416 

597 ,125 

Little  Brazos 

234,124 

382,012 

- 

616,136 

Navas ota  River  above  Dam 

53,265 

59,595 

57,779 

170,639 

Yegua  River  above  Dam 

12,306 

20,383 

- 

32,689 

Mill  Creek 

8,725 

34,785 

2/ 

4,739 

2/ 

48,249 

Little  River  to  Irrigation 

9,242 

37,743 

2/ 

7,078 

1/ 

54,063 

Brazos  River  exclusive  of  Little 

and  Bosque  Rivers 

684,389 

1 

,089,587 

3/ 

174,012 

1/ 

1 , 947,988 

Little  River 

615,369 

2 

„ 370,014 

54,923 

3,040,306 

Bosque  River 

43,887 

''134,316 

» 

178,203 

Total  - Brazos  River 

Watershed 

1,343,645 

3 

,593,917 

3/ 

228,935 

1/ 

5,166,497 

1/  Sources  Table  39,  Appendix  IV 

2/  These  independent  measures  not  recommended  at  this  time# 

Z/  Only  a portion  of  these  independent  measures  are  recommended  at  this  time<» 
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Present  floodplain  land,  use  was  determined  by  detailed  investi- 
gation of  sample  tributary  areas®  The  location  and  extent  of  the 
areas  which  would  become  suitable  for  more  intensive  use  following 
construction  of  the  floodwater  retarding  structures  was  determined  byg 

1.  Hydrologic  analysis  of  the  effect  of  the  structures  on  frequency, 
depth  and  duration  of  flooding® 

2®  Study  of  soil  conservation  survey  data  to  ascertain  the  suitability 
of  protected  lands  for  more  intensive  use. 

The  following  assumptions  were  made  concerning  the  increased  in- 
tensity of  land  use  to  bq  expected  on  the  protected  areas: 

1®  Most  of  the  present  meadow  and  idle  land  would  be  used  for  cropland. 

2.  Land  now  used  for  small  grain,  but  suited  for  alfalfa  or  clean- 
tilled  crops  generally  would  be  so  used. 

3.  Portions  of  the  land  now  used  for  pasture  would  be  converted  to 
cropland.  The  portion  so  converted  would  depend  upon  the  suita- 
bility of  the  land  for  crop  use  and  upon  the  agricultural  economy 
of  the  area • 

I4.  The  percentages  of  the  new  cropland  used  for  various  crops  would 
be  approximately  the  same  as  for  present  cropland. 

3®  The  area  on  which  intensification  was  calculated  was  confined  to 
the  portion  of  the  flood  plain  at  elevations  above  those  flooded 
on  an  average  of  once  in  two  or  three  years  after  installation  of 
the  recommended  program® 

In  the  calculation  of  benefits,  the  average  annual  gross  value 
of  the  production  in  the  area  protected  was  determined  both  for  present 
land  use  and  for  future  conditions  (it  was  assumed  that  no  changes  would 
occur  in  the  per~acre  yields).  Costs  of  production  based  on  Experiment 
Station  data  including  all  machinery  expense,  labor  (whether  performed 
by  the  operator  and  his  family  or  hired  labor)  and  an  added  charge  for 
taxes  and  overhead,  were  deducted  from  the  gross  return  to  give  a net 
increase  in  value  of  production.  The  expected  annual  damage  to  the 
increased  production  from  the  floods  remaining  after  installation  of 
the  recommended  program  was  deducted  from  the  net  income  to  arrive 
at  the  net  benefit.  This  was  multiplied  by  the  appropriate  conversion 
factor  for  the  area  to  determine  the  benefit  under  predicted  normal 
levels.  Table  55  illustrates  the  procedure  for  the  Mulberry  Creek 
sample  tributary  flood  plain.  Table  56  shows  average  annual  benefit 
from  this  source  by  subwatersheds  under  19^4-9  and  predicted  normal 
prices . 
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METHOD  OF  DETERMINING  CONSERVATION  BENEFITS 

The  land  treatment  measures  of  the  recommended  program  will  be 
applied  to  the  agricultural  land  in  the  Brazos  River  Watershed o As 
25 e813*000  acres  out  of  a total  26*988*000  acres  in  the  watershed*  or 
about  96  percent  of  the  total  area,  are  operated  under  a farm  or  ranch 
economy  it  is  essential  that  consideration  be  given  to  the  effect 
that  the  program  will  have  on  agricultural  income ® A comparison  of  the 
crop  and  livestock  production  and  agricultural  Income  for  each  conserva- 
tion problem  area  was  made  for  the  future  with  the  recommended  program 
and  for  the  future  without  treatment  to  facilitate  the  evaluation  of 
the  effects  of  the  program® 

The  differences  in  income  and  expense  revealed  by  this  analysis, 
plus  the  cost  of  installation  and  maintenance  of  the  measures,  serve 
as  the  basis  for  determining  conservation  benefit  and  cost  of  the 
recommended  flood  control  program®  In  any  conservation  problem  area 
an  increase  in  gross  income  or  a reduction  in  expense  with  treatment 
over  such  income  or  expense  without  treatment  was  regarded  as  a benefit. 
If  application  of  the  remedial  program  resulted  in  reduced  gross  income 
or  increased  expenses,  the  item  was  classed  as  a cost® 

Effect  of  the  Remedial  Program  on  Crop  and  Pasture  Yields 

In  estimating  the  conservation  benefit  and  cost  of  the  program 
upon  agriculture  it  was  necessary  to  determine  the  effect  of  the  mea- 
sures upon  crop  and  pasture  yields. 

Crop  Yields?  Reduction  in  Cotton  acreage,  improved  seed,  mechani- 
zation and  increasing  emphasis  upon  soil  improving  practices  have  ob- 
scured the  normal  trends  of  crop  yield  caused  by  continuous  cropping. 

The  forced  selection  of  high-yielding  land  for  cotton  production  and 
the  use  of  the  lower-yielding  acres  for  feed  production,  Or  their 
retirement  from  crop  use,  has  so  affected  the  average  yields  that  the 
usual  methods  of  analysis  of  yield  trends  give  a distorted  view  of 
actual  conditions. 

Fresent  Yields  and  Future  Yields  Without  Land  Treatment  Measures; 
The  present  crop  yields,  as  determined  through  investigations  during 
the  survey  of  the  Little  River  Watershed,  were  applied  to  the  sam©  con- 
servation problem  areas  throughout  the  Brazos  River  Watershed®  Yields 
in  the  conservation  problem  areas  not  represented  in  the  Little  River 
Watershed  were  estimated  from  data  l/  supplied  by  agricultural  field 
technicians  and  other  qualified  agricultural  workers. 

To  determine  the  effect  of  continued  crop  production  under  present 
cultural  practices,  the  results  of  the  soil  decline  study  made  by  the 
Soil  Conservation  Service  were  used.  Capability  classes  are  closely 


1 / Effects  of  Soil  Conservation  Practices  on  Production,  Region  IV j 
Soil  Conservation  Service,  U.  S.  D.  A.,  Fort  Worth,  Texas 


related  to  the  crop  producing  ability  of  the  remaining  soilo  It  was 
assumed  that  productivity  would  decline  at  the  rate  at  which  soil 
losses  were  occurring  since  this  loss  is  a measure  of  the  reduction 
in  the  average  capability  of  the  land  for  crop  production,, 

For  example*,  in  the  Blackland  Prairie  conservation  problem  area*, 
the  present  average  depth  of  soil  on  cultivated  lands  is  11<,97  inches c 
It  has  been  determined  that  this  soil  (which  has*,  at  present , an  average 
capability  of  about  Class  III*,  or  is  suitable  for  cultivated  crops  if 
complex  or  intensive  measures  are  applied)  will  be  reduced  one  capabi- 
lity class  in  37  years 0 During  this  period  (37  years )*,  3°50  inches 
of  soil  would  be  lost  and  productivity  would  then  be  such  that  the 
land  would  be  retired  to  grass  or  used  for  hay  crops 0 Assuming  that 
productivity*,  at  least  for  cultivated  crops *,  would  be  completely  des- 
troyed  when  the  llo97  inches  of  soil  is  removed*,  the  trend  in  reduction 
of  yields  in  the  future  will  be  somewhat  faster  than  the  rate  of  soil 
loss0  It  will  approximate  that  rate*,  however*,  for  the  period  before 
the  soil  becomes  too  poor  for  the  economical  production  of  the  present 
crops  o 


Yield  trends  in  the  future  without  remedial  measures  were  calculated 
using  the  present  yields  as  a starting  point 0 It  was  assumed  that 
yields  would  remain  constant  after  15  years 0 This  resulted  in  a con- 
servative estimate  and  did  not  require  the  exact  adjustment  of  the 
lower  portion  of  the  yield  trend  curve  for  the  future  without  remedial 
measures  (to  reflect  the  economic  factors  of  forced  changes  in  crops 
or  cultural  practices )0  The  trend  of  future  cotton  yield  which  can  be 
expected  under  the  present  crop  producing  methods  and  practices  of  the 
Blackland  Prairie  without  remedial  treatment  is  shown  in  figure  Jlo 

Future  Yields  with  land  Treatment  Measures g All  available  evidence 
on  the  effect  of  land  treatment  upon  yields  was  related  to  similar  condi- 
tions within  the  watershed 0 Several  hundred  historical  yield  records 
covering  about  3^0 *,000  acres  in  farm  units  in  soil  conservation  districts 
upon  which  conservation  measures  had  been  applied  were  usedc  These 
records  cover  a period  of  from  2 to  6 years  and  are  an  indication  of 
the  effects  that  can  be  expected  from  the  application  of  land  treat- 
ment measures o It  was  recognised  that  these  records  may  have  included 
some-  increases  due  to  superior  management  on  those  farms  where  conser- 
vation practices  had  been  adopted*,  consequently  the  increases  shown 
were  adjusted  in  all  cases  where  they  seemed  unusually  highD  Examples 
of  such  adjustments  are  shown  in  table  57 o 

It  was  believed  that  these  adjustments  offset  most  of  the  bias 
that  may  have  accompanied  better  management  on  the  conservation  farms 0 
A study  made  by  the  Texas  Agricultural  Experiment  Station  reports  that 
yield  increases  from  contour  cultivation  and  terracing  in  the  Rolling 
Red  Plains  ranged  from  7 to  50  percents  depending  on  the  crop  and  the 
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Fig. 31 
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Table  57  = Comparison  of  Increases  in  Yields  of  Selected  Crops  as  a 
Result  of  Conservation  Farmings  as  Shown  by  Records^With 
Increases  Used  in  Evaluation  of  the  Recommended  Program 

Brazos  River  Watershed 


g Percentage  Increase  in  Yields 


Crop 

g Conservation  Problem 
g Area 

g Shown  by 
° Records 

s Used  in 

s Evaluation 

Cotton 

B lackland 

i 

29 

21 

Oats 

Black land 

19 

0 

Hay 

Blackland 

ho 

13 

Wheat 

Rolling  Red  Plains 

5h 

0 

Sorghum 

Rolling  Red  Plains 

61 

I0o5 

Cotton 

Rolling  Red  Plains 

35 

35 

* 


practise o l/  Another  study  conducted  by  the  University  of  Illinois 
Agricultural  Experiment  Station  in  cooperation  with  the  Soil  Conser- 
vation  Service  compared  the  average  advantage  in  Illinois  (during  a 
7 year  period)  of  contouring  against  cultivation  up  and  down  the  slopes 
on  the  same  fam0  2/  In  this  study  the  effect  of  differences  in 
management^  equipment  and  soils  were  eliminated  to  a great  extent 0 
The  advantage  in  yield  due  to  contour  cultivation  alone  was  reported 
to  be  12  percent  for  corns  16  percent  for  oats  and  17  percent  for 
wheat o As  these  increases  were  obtained  as  a result  of  contour  cul= 
ti vation  onlys  it  was  considered  that  the  yield  increases  shown  in 
table  56  and  used  in  this  report  were  conservative  and  reasonable0 

The  percentage  of  increase  shown  by  these  records  can  be  expected 
within  a period  of  about  5 years  0 By  the  fifth  year  after  applica= 
tion  most  land  treatment  measures  should  have  reached  their  maximum 
eff ectiveness o By  applying  the  percentages  of  increase  to  present  yields 9 
the  expected  yields  after  treatment  were  calculatedo  Table  56  shows 
the  present  and  future  yields  for  some  of  the  major  crops 0 

Pasture  Yields g The  present  safe  stocking  rates a or  the  surface 
acre  requirements  per  animal  unit*  were  obtained  from  range  surveys 


l/  C2arowitcfl  Pc  Hc  and  Bonnen^  C0  Aog  "Information  Basic  to  Farm 
Adjustments  in  the  Rolling  Plains  Area  of  Texas" Bulletin  6l7 
Texas  Agricultural  Experiment  Station a September  19U2 0 

2/  Sauer g Ec  Log  ’’Methods  of  Evaluating  Soil  Conservation  Measures *n 
page  655s  Journal  of  Farm  Economics , February  19U9o 
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mad©  in  comparable  areas  within  the  Little  River  Watershed 0 l/  These 
surveys  were  made  within  conservation  problem  areas  which  extend  through 
other  portions  of  the  Brazos  River  Watershed,,  Within  each  of  these 
conservation  problem  areas *,  field  checks  show  that  there  is  little 
measurable  difference  in  cover  types*,  composition  and  vigor  of  the 
vegetation  and  in  grazing  utilization  between  the  portions  of  the  Brazos 
River  Watershed  inside  the  Little  River  subwatershed  and  those  outside* 

In  Appendix  I a description  of  the  various  cover  types  shows  that 
a relatively  small  proportion  of  the  grassland  is  in  what  might  be 
termed  an  "excellent**  condition  or  is  producing  to  its  maximum,, 

As  the  ©valuation  of  the  effects  of  the  recommended  remedial  pro- 
gram was  carried  through  a budgetary  analysis  by  conservation  problem 
areas *,  a present  average  grazing  capacity  or  safe  stocking  rate  for 
each  was  developed*  This  capacity  represents  the  conclusions  drawn 
from  the  range  survey*,  the  estimates  of  range  specialists 9 and  such 
information  as  is  available  from  technical  personnel  in  the  field* 

I ' 

During  the  investigations  for  the  Trinity  River  flood  control 
survey*,  a study  was  made  of  grassland  by  conservation  problem  areas*  2/ 
Trends  of  future  productions  both  with  and  without  the  application  of” 
the  recommended  program*,  were  developed 0 The  conclusions  of  this  investi- 
gation were  applied  to  the  following  similar  areas  in  the  Brazos  River 
Watersheds  Forested  Coastal  Plain*,  Blackland  Prairie*,  Cross  Timbers*, 
and  Grand  Prairie 0 

In  order  to  secure  comparable  information  for  the  remaining 
conservation  problem  areas  in  the  Brazos  River  Watershed  (High  Plains 9 
Rolling  Red  Plains *,  Reddish  Prairie*,  Edwards  Plateau  and  Coast  Prairie) 
information  was  secured  from  the  range  specialists  and  field  techni- 
cians in  these  areas*  Twenty-four  field  estimates  were  secured  which 
covered  the  following  points? 

(1)  The  various  range  sites  in  each  conservation  problem  area* 

(2)  The  percentage  of  each  rang©  sit©  which  is  now  classified 
into  each  of  the  four  condition  classes  (excellent*,  good*, 
fair*,  poor)0 

(3)  The  recommended  safe  stocking  rates  for  each  condition  class 
in  each  range  site0 


l/  Interim  Survey  Report*,  Brazos  River  and  Tributaries*,  Texas,  Little 
River  Waters hod.  Department  of  Agriculture,  1950° 

2/  Trinity  River  Flood  Control  Survey  Report*,  Appendix  6*,  1939 
unpublished*,  Uc  S0  Department  of  Agriculture 0 


(4)  The  percentage  of  each  range  site  which  would  be  classified 
into  each  condition  class  after  application  of  the  recom- 
mended program  and  a short  period  of  recovery© 

The  information  was  weighted  byg  (l)  the  area  of  conservation 
problem  area  within  the  district  with  which  the  range  technician  was 
familiars  and  (2)  by  the  actual  distribution  of  range  sites,,  which 
was  secured  by  analysis  of  conservation  survey  tabulations©  These 
calculations  resulted  in  the  recommended  stocking  rates  at  present 
and  with  the  recommended  program,,  for  the  conservation  problem  areas 
listed  above0  Since  range  deterioration  is  very  slow,,  under  present 
conditions  of  use3  a conservative  figure  (present  conditions)  was  used 
in  most  cases  for  the  expected  safe  grazing  capacity  in  the  future 
without  the  recommended  program©  Table  59  shows  the  recommended  safe 
stocking  rates  at  present  and  table  60  shows  the  effects  of  the  recom- 
mended program©  The  decrease  in  surface  acres  needed  to  carry  an 
animal  unit  for  a year  without  harm  to  the  grass  cover  is  a measure 
of  the  benefit© 

Agricultural  Income 

The  land  treatment  costs  and  benefits  in  portions  of  the  Brazos 
River  Watershed  included  in  the  Little  River  and  Bosque  River  subwater- 
sheds were  analyzed  in  previous  reports  through  calculation  of  operating 
budgets  on  representative  sizes  and  types  of  farms© 

During  the  10-year  period  between  the  Census  of  1935  to  that  of 
1945$  the  average  size  of  farm  in  Texas  increased  by  34  percent,,  and  the 
acreage  of  cropland  harvested  per  farm  increased  by  40  percent©  In 
1935s  almost  73  percent  of  all  farms  in  Texas  reported  cotton  but  the 
percentage  had  fallen  to  45  tn  1945 © These  and  other  changes  in  farm 
size  and  organisation  were  so  profound  that  it  was  decided  that  the 
impact  of  the  recommended  program  upon  the  agricultural  economy  of  the 
watershed  could  be  determined  as  well  by  considering  the  permanent 
conservation  problem  area  as  a unit  as  by  analyzing  the  effect  upon 
transitory  sizes  and  types  of  farms©  An  additional  factor  was  the 
not  inconsiderable  expenditure  of  funds  that  would  be  necessary  to 
insure  an  adequate  field  investigation  of  rtarm  and  ranch  sizes  and 
types©  Therefore.,  the  conservation  prob3em  area  was  the  evaluation 
unit  in  all  areas  of  the  Brazos  River  Watershed  outside  the  Little 
River  and  Bosque  River  subwatersheds © 

Determination  of  Crop  and  Livestock  Organizations  Counties  and 
other  civil  divisions  lying  wholly  or  almost  entirely  within  a conser- 
vation problem  area  wrere  used  as  the  sampling  units©  Census  data 
covering  cropland  and  livestock  organization  were  totaled  for  all  the 
sample  units  in  each  conservation  problem  area0  Prom  these  totals s the 
percentage  of  cropland  in  each  eropa  the  number  of  livestock  per  acre 


' 
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' 


' 


■ 
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Table  59  - Recommended  Stocking  Rates  by  Range  Sites  and 
Condition  Classes * at  Present 

Brazos  River  Watershed 


Range  Site 

0 

s Recommended  Stocking  Rates 

s Excellent  § 

Good 

s Fair  s 

Poor 

Uc/Au;  y 

TAc/aUJ 

(Ac/AtJ) 

(A'c/AB) 

Cross  Timbers 

Bottomland 

10 

12 

17 

23 

Typical  upland 

13 

16 

2b 

32 

Grand  Prairie 

Bottomland 

8 

10 

lb 

22 

Ordinary  upland 

12 

15 

22 

30 

Steep  slopes  & ridges 

16 

20 

28 

1*0 

High  Plains 

Upland 

18 

25 

35 

55 

Shallow 

29 

38 

59 

95 

Mixed  land 

15 

20 

30 

60 

Sand  hills 

25 

33 

50 

loo 

Poorly  drained 

15 

20 

30 

60 

Rolling  Red  Plains 

Bottomlands 

11 

15 

2b 

1*0 

Normal  upland 

18 

2b 

37 

62 

Hill  & ridges 

2b 

33 

50 

79 

Shinnery 

25 

32 

b9 

76 

Rough  broken 

3b 

2+8 

72 

200 

Edwards  Plateau 

Bottomlands 

13 

17 

25 

1*2 

Normal  upland 

17 

25 

36 

56 

Hills  & ridges 

20 

27 

2+1 

68 

Rough  broken 

25 

35 

60 

62 

Reddish  Prairies 

Bottomlands 

lb 

22 

29 

2+3 

Normal  upland 

16 

22 

31 

2+8 

Hills  & ridges 

22 

30 

2+0 

60 

Post  Oak  hills 

30 

• 39 

59 

72+ 

Deep  sands 

16 

23 

32 

53 

Coast  Prairie 

Bottomland 

10 

12 

15 

15 

Fertile  B lackland 

4 

5 

7 

8 

Sandy  prairie 

5 

6 

8 

10 

Hardpan  flats 

5 

6 

8 

10 

l/  Acres  per  animal  unit*  year  long0 


i 


Table  60 0 Recommended  Stocking  Rates  both  with  and 
without  the  Recommended  Program 

Brazos  River  Watershed 


Conservation  Problem  Area 

^Present  Safe 
; Stocking 
: Rates 

Future 
Stocking 
With  : 

Recommended  :j 
Program  i 

Safe 

Rate 

Without 

Recommended 

Program 

Uc/au)  y 

Uc/au; 

Uo/ad; 

High  Plains 

1+2 

2k 

k2 

Rolling  Red  Plains , 
western  section 

61 

38 

61 

Rolling  Red  Plains, 
central  area 

51 

33 

51 

Edwards  Plateau 

51 

36 

51 

Reddish  Prairie 

38 

26 

38 

Cross  Timbers 

2k 

16 

26 

Grand  Prairie 

20 

15 

21 

Blackland  Prairie 

6 

5 

6 

Forested  Coastal  Plain 

6 

5.7 

6 

Coast  Prairie 

7 

5 

7 

l/  Acres  per  animal  unit,  year  long 


2h 2 


of  pasture  or  cropland , and  the  distribution  of  the  total  number  of 
livestock  among  the  various  species  were  calculated  for  each  conserva- 
tion  problem  area0 

Calculation  of  Changes  in  Agricultural  Income:  The  following 

information  was  used  to  calculate  the  changes  in  agricultural  income 
for  each  conservation  problem  areas 

1.  Per-unit  production  for  the  various  crop  and  livestock 
enterprises  in  each  area0 

2o  Such  expenses  of  production,  including  overhead  as  well  as 
per-unit  production  costs,  as  would  be  affected  by  the 
recommended  programo 

J)0  The  sale,  or  use  as  feed,  of  commodities  producedo 

I4.0  Current  (19U8)  prices  for  products  sold  (table  6l)o 


Table  6l  - Farm  Prices,  19i+8  1 / 
Brazos  River  Watershed 


Item 

Unit 

Price 

(dollars) 

Corn 

Buo 

lo76 

Wheat 

Buo 

lo97 

Oats 

Buo 

0089 

Sorghum  (grain) 

Cwt  0 

lo95 

Hay,  all,  loose 

Ton 

17°80 

Cotton 

Lbo 

Oo37H  2/ 

Peanuts 

Lbo 

OoioU 

Rice 

Buo 

2.65 

Beef  Cattle 

Cwt  0 

22  <.60 

Veal  calves 

Cwt  0 

25o50 

Sheep 

Cwt  o 

llo20 

Lambs 

Cwt  0 

22o00 

Milch  cows 

Per  head 

H+5.00 

Butterfat 

Lbo 

0o70 

Wool 

Lb* 

o.i+9 

_1 / Division  of  Agricultural  Statistics,  BeA®Ee,  U.S0  Department  of 
Agriculture,  Austin,  Texas,  August  I9I+80  Based  on  State  of  Texas 
data  with  adjustments  made  on  calendar  year  basis o 

2/  Includes  seedo 


\ 
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Data  from  th©  following  sourc®s  served  as  the  basis  for  th©  abov® 
facto  rs  g 

10  Th©  census  of  1940  th©  census  of  agriculture  of  1945 <> 

20  Publications  of  various  state  and  Federal  agencies  pertinent 
to  the  survey  area0 

3o  Information  and  records  of  soil  conservation  districts,  work 
units  and  field  technical  personnel 

4e  County  records  of  the  Production  and  Marketing  Administration. 

54  Field  schedules  taken  from  farms  and  ranches  in  the  Littl® 

River  subwatershed 0 

Calculation  of  the  Effects  of  the  Program  on  Agricultural  Production 
and  Income 

Without  Pro gram g The  future  cropland  use  and  livestock  organiza- 
tion in  each  conservation  problem  area,  with  and  without  treatment*,  are 
necessary  for  budgetary  analysis 0 Therefore,  the  present  cropland  use 
and  livestock  organization  were  adjusted  for  the  future,  with  and  without 
treatment o The  land  us®  and  th©  number  of  livestock  in  ®ach  sp®cies  in 
the  future  without  treatment 4 were  assumed  to  remain  the  same  as  at 
presento  However,  any  changes  in  crop  and  pasture  yields  expected  in 
the  future  without  treatment  were  taken  into  consideration 0 In  most 
cases,  crop  and  pasture  yields  are  expected  to  decline  in  the  future 
without  treatment  and  this  was  reflected  in  the  quantity  of  cash  crops 
to  be  sold  and  of  feed  expected  to  be  purchased  or  sold  in  the  future <, 

With  Programs  In  the  future,  with  treatment,  the  land  use  was 
changed  by  converting  cropland  or  idle  land  to  pasture  wherever  recom- 
mended o Where  changes  were  necessary  and  the  quantity  of  idle  cropland 
was  insufficient  to  meet  the  shift,  the  converted  acres  were  deducted 
from  the  different  crops  as  shown  at  present,  on  the  basis  of  the  per- 
centage that  each  crop  occupied  of  the  total  croplando  Any  changes  in 
crop  yields  expected  to  result  from  the  program  were  applied  to  the 
adjusted  cropland  acres 0 

Livestock  numbers  in  the  future,  with  treatment,  were  determined 
by  dividing  the  surface  acre  safe  stocking  rates  or  grazing  capacity 
(table  60)  into  the  total  pasture  acres 0 This  g&ve  the  number  of 
animal  units  to  be  carried  on  permanent  pasture 0 To  the  number  of 
livestock  thus  maintained  those  carried  on  supplemental  feed  and  tame 
pasture  were  added „ The  increase  in  number  was  prorated  among  cattle, 
sheep  and  goats  on  the  basis  of  their  present  number  in  each  conserva- 
tion problem  area0 


e 1 

, 


Change s in  In o ome g The  major  steps  in  the  process  of  calculating 
changes  in  income  in  the  future , with  and  without  the  recommended  pro- 
gram,, were  as  follows g 

1®  Crop  yields  were  applied  to  the  acreage  in  the  various  crops 
to  ascertain  the  total  units  produced* 

2©  Livestock  production  per  unit  was  applied  to  livestock  numbers 
to  get  total  production© 

3©  Current  prices  were  applied  to  all  products,  exclusive  of  feed 

fed  to  livestock,  where  there  was  a change  in  the  quantity  produced* 

ho  Production  expense  factors  were  applied  to  each  product  where 
there  was  a change  in  the  quantity  produced,  in  overhead  costs, 
or  in  the  expense  of  production© 

5©  The  changes  in  income  and  expenses  were  summarized  for  each  enter- 
prise to  obtain  the  gross  and  net  changes  in  income  and  expense© 

Annual  Installation  and  Maintenance  Costs  of  the  Recommended  Program 

Installation  costs  occasioned  by  the  recommended  program  were 
calculated  for  each  conservation  problem  area  and  were  converted  to  an 
annual  basis  by  multiplying  by  an  interest  rate  of  four  percent© 

Maintenance  costs  of  the  treatment  measures  were  calculated  on  an 
annual  basis  due  to  the  fact  that  such  costs  are  recurrable  annually© 

Determination  of  Conservation  Benefits  and  Costs 


Annual  conservation  benefits  and  costs  were  determined  by  summa- 
rizing the  differences  in  gross  income  and  expense,  with  and  without 
the  remedial  program,  for  each  conservation  problem  area  (table  62)© 

In  this  calculation  a loss  in  gross  income  or  an  increased  expense  was 
classed  as  a cost,  whereas  a gain  in  gross  income  or  a decreased  ex- 
pense was  considered  a benefit©  It  was  assumed  in  these  calculations 
that  100  percent  of  the  farmland  would  be  included  in  the  participating 
acreage©  l/  Benefits  and  costs  at  19^8  prices  were  multiplied  by 
appropriate  factors  to  convert  them  to  19U9  prices. 

Effect  on  Total  Agricultural  Production 

The  changes  in  agricultural  production  in  the  Brazos  River  Watershed 
as  a result  of  land  use  changes  and  the  installation  of  the  recommended 
program  upon  all  of  the  watershed  agricultural  lands  were  estimated 
(table  63).  It  can  be  seen  that  these  increases  are  moderate©  They 

IT  The  land  included  within  floodwater  retarding  structures  is  included  in 
this  evaluation  since  evaluation  of  these  structures  and  actual  deter- 
mination of  their  numbers  is  the  final  step  in  the  survey©  The  sub- 
traction of  the  benefits  and  costs  from  watershed  totals  would  have  had 
no  effect  on  total  benefit-cost  ratios  and  only  a snail  effect  on  the 
total  program  costs®  Revision  of  all  tables  was  not  considered  advisable© 
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Table  63  - Estimated  Changes  in  Production  of  Selected  Products  as  a 
Result  of  the  Recommended  Program,  Expressed  as 
a Percentage  of  the  Present  (I9I4.8)  Production e 

Brazos  River  Watershed 


Pro  duct 

Present 

Production 

Future  Production 
With  Program 

(Percent) 

(Percent) 

Corn 

100 

106 

Wheat 

100 

84 

Cotton 

100 

120 

Oats 

100 

91 

Peanuts 

100 

96 

Sorghum 

100 

95 

Beef 

100 

122 

Milk 

100 

123 

Wool 

100 

119 

compare  with  estimated  needs  for  farm  output  of  approximately  110 e9 
under  high  employment  and  107 ©0  under  intermediate  employment  in  the 
period  1955“65  l/»  using  1947  as  100 0 Furthermore,  the  estimated 
increases  resulting  from  the  recommended  program  are  greater  for  live- 
stock products,  in  line  with  recent  trends  in  consumption  and  the 
expectations  of  most  authorities  regarding  the  future  demands  for 
food  and  fiber 0 Black  and  Kiefer  estimate  the  need  by  I960  under 
conditions  of  moderate  unemployment  as  increases  of  3 percent  for 
cereals,  45  percent  for  meat  and  30  percent  for  milk  over  food  con- 
sumption in  the  period  1935  to  1939o  Such  changes  as  might  be  inci- 
cated  by  price  relationships  could  be  made  without  altering  the  funda- 
mentals of  the  recommended  program,,  In  all  probability,  the  changes 
in  production  estimated  in  table  63  would  have  little  effect  on  nation- 
wide price  relationships o 


1/  Estimated  in  Table  4 "Long-Range  Agricultural  Policy,,  A Study  of 
Selected  Trends  and  Factors  Relating  to  the  Long-Range  Prospect  for 
American  Agriculture",  Committee  on  Agriculture,  House  of  Repre- 
sentatives, Eightieth  Congress,  U0S0  Government  Printing  Office, 

March  1946 0 This  report  is  probably  conservative  as  it  envisioned 
a population  in  1950  about  3 million  below  the  figure  that  apparently 
will  be  shown  by  the  1950  census 0 


2/  Black,  John  Dc  and  Kiefer,  Maxine  E0,  Table  13d  "Future  Food  and 
Agriculture  Policy",  McGraw  - Hill,  1946 o 
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